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PREFACE BY THE EDITOR. 


nay name appears on the title-page of thiu volume, it is 
' hat I should exactly state what part I had in its 
l. I had no doubt originally engaged to undertake 
r myself ; but finding, from multiplicity of engagements 
^uncertain health, that I could not accomplish it satis- 
fy, I thought the best courso I could take was to recom- 
i Mr. Cooke to the publishers ; a gentleman well known, 
aot only in this country, but in the United States, The whole 
rl the work has therefore been prepared by himself, the manu- 
oript and proof sheets being submitted! to me from time to 
>ime, in which I merely suggested such additions as seemed 
needful, subjoining occasionally a ^ notes. As the work is 
intended for students, the author has had no hesitation in 
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repeating what has been stated in former chapters where it 
has been thought to prove useful. I have no doubt that 
the same high character will justly apply to this as to Mr. 
Cooke’s former publications, and especially to his “ Handbook 
of British Fungi.” 

M. J. BERKELEY. 

SlBBERTOBT, 


Novml&' 28, 1SH. 
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THEIR NATURE, USES, INFLUENCES, ETC 


I. 

NATURE OF FUNGI. 

Thjb most cnsunl observer of Nature recognizes in almost every 
instance that comes under bin notice in every-day life, without 
the aid of logical definition, the broad distinctions between an 
animal, a plant, and a stone. To him, the old definition that an 
animal is possessed of life and locomotion, a plant of life with- 
out locomotion, and a mineral deficient in both, seems to bo 
sufficient, until some day ho travels boyond the circuit of 
diurnal routine, and encounters a sponge or a zoophyte, which 
possesses only one of his supposed attributes of animal life, hut 
which he is assured is nevertheless a member of the animal 
kingdom. Such an encounter usually perplexes the neophyte 
at first., hut rather than confess his generalizations to have 
been too gross, he will tenaciously contend that the sponge 
must be a plant, until the evidence produced is so strong that 
ho is compelled to desert his position, and seek refage in iho 
declaration that one kingdom runs into the other so imper- 
ceptibly that no line of demarcation can be drawn between 
them. Between these two extremes of broad distinction, and 
no distinction, lies the ground occupied by the scientific student, 
who, whilst admitting that logical definition fails in assigning 
briefly and tersely the bounds of the three kingdoms, contends 
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that suck limits exist so positively, that the universal scientific 
mind accepts the recognized limit without controversy or con- 
tradiction. 

In like manner, if one kingdom he made the subject of in- 
quiry, the same difficulties will arise. A flowering plant, as 
represented by a rose or a lily, will be recognized as distinct 
from a fern, a seaweed, or a fungus. Yet there are some flower- 
ing plants which, at first sight, and without examination, simu- 
late cryptogams, as, for example, many Bctlanophon z?, winch 
the unscientific would at once class with fungi. It is never- 
theless truo that even the incipient botanist will accurately 
separate the phanerogams from the cryptogams, and by means 
of a little more, but still elementary knowledge, distribute the 
latter amongst ferns, mosses, fungi, lichens, and algoo, with 
comparatively few exceptions. It is truo that between fungi 
and lichens there exists so close an affinity that difficulties arise, 
and doubts, and disputations, regarding certain small groups or 
a few species ; but these are the exception, and not the rule. 
Botanists generally are agreed in recognizing tho five principal 
groups of Cryptogamia, as natural and distinct. In proportion 
as wo advance from comparison of members of the three king- 
doms, through that of the primary groups in one kingdom, to 
a comparison of tribes, alliances, and orders, we shall require 
closer observation, and more and more education of the eye to 
see, and the mind to appreciate, relationships and distinctions. 
Wo have already assumed that fungi are duly and universally 
admitted, as plants, into tho vegetable kingdom. But of this 
fact some have oven ventured to doubt. This doubt, however, 
has bean confined to one order of fungi, except, perhaps, 
amongst tho most illiterate, although now the animal nature of 
tho Mijxogn&tres has scarcely a serious advocate left. In this 
order the early condition of the plant is pulpy and gelatinous, 
and consists* of a substance more allied to sarcodo than cellulose. 
Do Bary insinuated affinities with Ammlm ,* whilst Tulasne 

* Be Bary, “Dea MyxoniyeSkV’ in u Ann. dcs Sex. Nat.” 4 a£r. xl p. US ; 
“Bot, S5eit w - xvL p. 857. Da Baiy’s views arc controverted by M. Wigand in 
deaSoh Nat.” 4 s$r. (BoO xvi. n. 255. &e* 
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affirmed that the outer ooat in some of these productions con- 
tained so much carbonate of lime that strong effervescence took 
place on the application of sulphuric acid. Dr. Henry Carter 
is well known as an old and experienced worker amongst 
amoeboid forms of animal life, and, when in Bombay, he devoted 
himself to the examination of the Mysogastres in their early 
stage, and the result of his examinations has been a firm 
conviction that there is no relationship whatever between the 
Myocogastrcs and the lower forms of animal life. De Bary has 
himself very much modified, if not wholly abandoned, the views 
onco propounded by him on this subject. When mature, and 
the dusty spores, mixed with threads, sometimes spiral, are 
produced, the Myccogastres are so evidently close allies of the 
Ly coper dons, or Puffballs, as to leave no doubt of their affinities* 
It is scarcely necessary to remark that the presence of zoospores 
is no proof of animal nature, for not only do they occur in the 
white rust ( Cystopus ), and in such moulds as Peromspora* but 
arc common in algrn, the vegetable nature of which has never 
been disputed. 

There is another equally important, but more complicated 
subject to which we must allude in this connection. This is 
the probability of minute fungi being developed without the 
intervention of germs, from certain solutions. The observations 
of M. Trecul, in a paper laid before the French Academy, have 
thus been summarized: — 1. Yeast cells maybe formed in the 
must of beer without spores being previously sown. 2. Cells of 
the stoo form as those of yeast, but with different contents, 
arise spontaneously in simple solution of sugar, or to which a 
little tartrate of ammonia has boon added, and these cells are 
capable of producing fermentation in certain liquids under 
favourable conditions. 3. Tho colls thus formed produce Penir 
cillium like tho colls of yeast. 4. On tho other hand, the spores 
of Penkillimi are capable of being transformed into yeast, f 
The interpretation of this is, that the mould Penicillium may be 

* Da Bary, “ Recherchee stir le Doveloppement de quelques Champignons 
faraaites,” in “ Ann. des Sou Nat.” 4 s6r. (Bofc.) xx, p. ff, 

f “Popular Science Review,” vol, tiii» p. 90. 

0 8 
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produced from a sugar solution by “ spontaneous generation,” 
and without spore or germ of any kind. The theory is, that a 
molecular mass which is developed in certain solutions or infu- 
sions, may, under the influence of different circumstances, pro- 
duce either animalcules or fungi. “ In all these cases, no kind 
of animalcule or fungus is ever seen to originate from pre- 
existing cells or larger bodies, but always from molecules.”^ 
The molecules are said to form small masses, which soon melt 
together to constitute a globular body, from which a process 
juts out on one side. These are the so-called Torulm , f which 
give off buds which are soon transformed into jointed tubes 
of various diameters, terminating in rows of sporulcs, Penicil- 
Hum , or capsules containing numerous globular seeds, Aspergill 
lus (sic). 

This is but another mode of stating the same thing as above 
referred to by M. Trecul, that certain cells, resembling yeast cells 
( Torula), are developed spontaneously, and that these ultimately 
pass through the form of mould called Penicillium to the more 
complex Mucor (which the writer evidently has confounded with 
Aspergillus , unless he alludes to the ascigerous form of Aspcr* 
gillus , long known as Eurotnm ). From what is now known 
of tho polymorphism of fungi, there would be little clinieulty 
in believing that cells resembling yeast cells would develop 
into JPcnicilliim, as they do in fact in what is called the “vine- 
gar plant,” and that tho capsuliferous, or higher condition of 
this mould may be a Mucor , in which tho sporulcs are produced 
in capsules. The difficulty arises earlier, in tho supposed spon- 
taneous origination of yeast cells from molecules, which result 
from the peculiar conditions of light, temperature, &c. t in which 
certain solutions are placed. It would bo impossible to review 
all tho arguments, or tabulate all tho experiments, which have 
been employed for and against this theory. It could not bo 
passed over in silence, since it has been one of tho stirring ques- 
tions of the day. Tho great problem how to exclude all germs 

* Dr, J, H. Bennett “ On tho Molecular Origin of Infusoria,” y. 80, 

f They have, however, no close relation with real Tontlcc, such as T* 
lmdc8 t &c, —Cooke's Handbook, p. 417, 
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from the solutions experimented upon, and to keep them ex- 
cluded, lies at the foundation of the theory. It must ever, as 
we think, be matter of doubt that all germs were not excluded 
or destroyed, rather than one of belief that forms known to be 
developed day by day from germs should under other conditions 
originate spontaneously. 

Fungi are veritably and unmistakably plants, of a low or- 
ganization, it is true, but still plants, developed from germs, 
somewhat analogous, but not wholly homologous, to the seeds of 
higher orders. The process of fertilization is still obscure, but 
facts are slowly and gradually accumulating, so that we may 
hope at some not very distant period to comprehend what as 
yet are little removed from hypotheses. Admitting that fungi 
are independent plants, much more complex in their relations 
and development than was formerly supposed, it will be ex- 
pected that certain forms should be comparatively permanent, 
that is, that they should constitute good species. Here, also, 
efforts have been made to develop a theory that there are no 
legitimate species amongst fungi, accepting the terms as hither- 
to applied to dowering plants. In this, as in allied instances, 
too hasty generalizations have been based on a few isolated 
facts, without duo comprehension of the true interpretation of 
such facts aud phenomena. Polymorphism will hereafter receive 
special illustration, but meantime it may bo well to state that, be- 
cause some forms of fungi which have been described, and which, 
have borne distinct names as autonomous species, are now proved 
to bo only stages or conditions of other species, there is no reason 
for concluding that no forms are autonomous, or that fungi which 
appear and are developed in successive stages aro not, in their 
entirety, good species. Instead, therefore, of insinuating that 
there are no good species, modem investigation tends rather to 
the establishment of good species, and tho elimination of those 
that ore spurious. It is chiefly amongst the microscopic species 
that polymorphism has been determined. In the larger and 
fleshy fungi nothing has boon discovered which can shake our 
faith in the species described half a century, or more, ago. In 
the Agarics, for instance, tho forms scorn to be as permanent and 
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as distinct as in tlie flowering plants. In fact, there is still no 
reason to dissent, except to a very limited extent, from what 
was written before polymorphism was accredited, that, “with a 
few exceptions only, it may without doubt be asserted that more 
certain species do not exist in any part of the organized world 
than amongst fungi. The same species constantly recur in the 
same places, and if lands not hitherto detected present them* 
selves, they are either such as are well known in other districts, 
or species which have been overlooked, and which are found on 
better experience to bo widely diffused. Thero is nothing like 
chance about their characters or growth.” * 

The parasitism of numerous minute species on living and 
growing plants has its parallel even amongst phanerogams in 
the mistletoe and broom-rape and similar species. Amongst 
fungi a large number arc thus parasitic, distorting, and in many 
cases ultimately destroying, their host, burrowing within fho 
tissues, and causing rust and smut in com and grasses, or even 
more destructive and injurious in such moulds as thoso of the 
potato disease and its allies. A still larger number of fungi 
are developed from decayed or decaying vegetable matter. 
These arc found in winter on dead leaves, twigs, brunches, 
rotten wood, the remains of herbaceous plants, and soil largely 
charged with disintegrated vegetables. As soon as a plant 
begins to decay it becomes the source of a new vegetation, 
which hastens its destruction, and a new cycle of life com- 
mences. In these instances, whether parasitic on living plants 
or developed on dead ones, the source is still vegetable. But 
tliis is not always the case, so that it cannot bo predicated that 
fungi are wholly epiphytal. Some species arc always found on 
animal matter, leather, horn, bone, &c., and some affect such 
unpromising substances as minerals, from which it would ho 
supposed that no nourishment could bo obtained, not only hard 
gravel stones, fragments of rock, but also metals, such us iron 
and lead, of which more may bo said when we come to trout of 
the habitats of fungi. Although in general terms fungi may 
be described as u hysterophy tal or epiphytal my coials deriving 

# Berkeley’s “Outlines of British Fungology,” p. 24. 
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nourishment by means of a mycelium from the matrix/’* there 
are exceptions to this rule with which the majority accord. 

Of the fungi found on animal substances, none are more 
extraordinary than those species which attack insects. Tho 
white mould which in autumn proves so destructive to the 
common house-fly may for the present be omitted, as it is 
probably a condition of one of tho Saprolegniei, which some 
authors include with fungi, and others with algre. Wasps, 
spiders, moths, and butterflies become enveloped in a kind of 
mould named Isaria, which constitutes the conidia of Torrubia , 
a genus of club-shaj>ed Splimrim afterwards developed. Some 
specios of Is aria and Torr tibia also affect the larvae and pupco 
of moths and butterflies, converting tho whole interior into a 
mass of mycelium, and fructifying in a clavate head. It lias 
been subject for discussion whether in such instances tho 
fungus commenced its development during tho life of the in- 
sect, and thus hastened its death, or whether it resulted after 
death, and was subsequent to the commencement of decay .f 
Tho position in which certain large moths arc found standing 
on leaves when infested with Isa net resembles so closely that 
of tho house-fly when succumbing to Spormdonema Muscat, 
would lead to tho conclusion that certainly in some cases tho 
insect was attacked by tho fungus whilst still living; whilst in 
the case of buried caterpillars, such as tho Now Zealand or 
British Mepialus , it is difficult to decide. Whether in life or 
death in these instances, it is clear that tho silk-worm disease 
Mmcardinc attacks the living insect, and causes death. In tho 
case of tho Quepcs vegUantes, the wasp is said to fly about with 
x ho fungus partially developed. 

In all fungi wo may recognize a vegetative and a reproductive 
system : sometimes tho first only becomes developed, and thou 
tho fungus is imperfect, and sometimes tho latter is far more 
prominent than the former. There is usually an agglomeration 
of delicate threads, either jointed or not, which arc somewhat 
analogous to the roots of higher plants, Those delicate threads 

* Berkeley's “Introduction to Cryptog&mio Botany/' p. 235, 

t Gray, “Notices of Insects which form the Basis of Fungoid Parasites# 0 
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permeate the tissues of plants attacked by parasitic fungi, oi 
they run over dead leaves forming whitened patches, formerly 
bearing the name of Hmantia , but really the mycelium of some 
species of Marasmius . If checked or disturbed, the process 
stops here, and only a mycelium of interwoven threads is 
produced. In this condition the mycelium of one species so 
much resembles that of another, that no accurate determination 
can be made. If the process goes on, this mycelium gives rise 
to the stem and cap of an agaricoid fungus, completing the 
vegetative system. This in turn gives origin to a spore-bearing 
surface, and ultimately the fruit is formed, and .then the fungus 
is complete j no fungus can be regarded as perfect or complete 
without its reproductive system being developed. In some this is 
very simple, in others it is as complex. In many of the moulds we 
have miniature representatives of higher plants in the mycelium 
or roots, stem, branches, and at length capsules bearing sporidia, 
which correspond to seeds. It is true that leaves are absent, 
but those are sometimes compensated by lateral processes or 
abortive branclilets, A tuft of mould is in miniature a forest of 
trees. Although such a definition may be deemed more poetic 
than accurate, more figurative than literal, yet lew could believe 
in the marvellous beauty of a tuft of monld if they never saw it 
as exhibited under the microscope. In such a condition no doubt 
could be entertained of its vegetable character. But there is a 
lower phase in which these plants arc sometimes encountered; 
fchoy may consist only of single cells, or strings of cells, or threads 
of simple structure floating in fluids. In such conditions only 
the vegetative system is probably developed, and that imperfectly, 
yet some have ventured to give names to isolated culls, or 
strings of cells, or threads of mycelium, which really in them- 
selves possess none of the elements of correct classification-— the 
vegetative system, oven, being imperfect, and consequently the 
reproductive is absent. As already observed, no fungus is per- 
fect without fruit of some kind, and the peculiarities of structure 
and development of fruit form one of the most important elements 
in classification. To attempt, therefore, to give names to such 
imperfect fragments of undeveloped plants is almost as absurd 
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as to name a flowering plant from a stray fragment of a root- 
fibril accidentally cast out of the ground — nay, even worse, for 
identification would probably be easier. It is well to protest 
at all times against attempts to push science to the verge of 
absurdity ; and such must be the verdict upon endeavours to 
determine positively such incomplete organisms as floating cells, 
or hyaline threads which may belong to any one of fifty species 
of moulds, or after all to an alga. This leads us to remark, in 
passing, that there are forms and conditions under which fungi 
may bo found when, fructification being absent — that is, the 
vegetative system alone developed — they approximate so closely 
to algco that it is almost impossible to say to which group the 
organisms belong. 

Finally, it is a great characteristic of fungi in general that 
they are very rapid in growth, and rapid in decay. In a night 
a puffball will grow prodigiously, and in the same short period 
a mass of paste may bo covered with mould. In a few hours a 
gelatinous mass of Eetieularia will pass into a bladder of dust, 
or a Coprinus will be dripping into decay. Remembering this, 
mycophagists will take note that a fleshy fungus which may bo 
good eating at noon may undergo such changes in a few hours 
as to bo anything but good eating at night. Many instances 
havo been recorded of the vapidity of growth in fungi ; it may 
also bo accepted as an axiom that they are, in mauy instances, 
equally as rapid in decay. 

The affinity between lichens and fungi has long boon re- 
cognized to its full tmd legitimate extent by lichenologists and 
mycologists.# In the “ Introduction to Cryptogamio Botany,” it 

* On the relation or connection between fungi and lichens, H. 0 . Sorby 
has some pertinent remark a in his communication to the Royal Society on 
u Comparative Vegetable Chromatology v (Proceedings Royal Society, vol, xxl 
1873, p, 470), «h ono result of his spectroscopic examinations. He says, 
“Such being the relations between tho organs of reproduction and the foliage, 
it is to some extent possible to understand tho connection between parasitic 
plants like fungi, which do not derive their support from the constructive 
energy of their fronds, and those which are self-supporting and possess true 
fronds. In the highest classes of plants the flowers are connected with the 
leaves, more especially by means of xanthophyll and yellow xanthopfcyil, 
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was proposed to unite them in one alliance, under the name oi 
Mycetales , in the same manner as the late Dr. Lmdley had united 
allied orders under alliances in his “ Vegetable Kingdom;” but, 
beyond this, there was no predisposition towards the theory 
since propounded, and which, like all new theories, has collected 
a small but zealous circle of adherents. It will bo necessary 
briefly to summarize this theory and the arguments by which it 
is supported and opposed, inasmuch as it is intimately connected 
with our subject. 

As recently as 1868 , Professor Schwendenor first propounded 
his views,* and then briefly and vaguely, that all and every 
individual lichen was but an algal, which had collected about it 
a parasitic fungal growth, and that those peculiar bodies which, 
under the name of gonidla, were considered as special organs of 
lichens, were only imprisoned algce. In language which the 
Rev. J. M. Crombio f describes as “pictorial,” this author gave 
the general conclusion at which he had arrived, as follows : — 
u As the result of my researches, all these growths arc not simple 
plants, not individuals in the usual sense of tho term; they 
are rather colonies, which consist of hundreds and thousands 
of individuals, of which, however, only one acts as master, while 
the others, in perpetual captivity, provide nourishment for them- 
selves and their master. This master is a fungus of the order 
Aseomycetes, a parasite which is accustomed to live upon tho work 
of others; its slaves arc green alguj, which it has sought out, or 
indeed caught hold of, and forced into its servico. It surrounds 

whereas in tho case of lichens the apothecia contain very little, if any, of those 
substances, but a largo amount of tho liehenoxanthiitos ho ehnrwt eristic of tho 
class. Looking upon fungi from this chromafcoJogiivd point of view, they bear 
something like the samo relation to lichens that the petals of a leafless parasitic 
plant would hear to tho foliage of one of normal character-— that is to nay, they 
are, as it were, the coloured organs of reproduction <>1‘ parasitic plants of a type 
closely approaching that of lichens, which, of course, is in very close, if not in 
absolute agreement with tho conclusions drawn by botanists from entirely 
different data,” 

* Schwendenor, u Untornuchungen liber don Flcehtenibalimu” 

+ Crombio (J, M.) “On tho Lichon-Gonidia Question,” in “popular Science 
Review” for July, 1874. 
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them, as a spider does its prey, with a fibrous net of narrow 
meshes, wliich is gradually converted into an impenetrable 
covering. While, however, the spider sucks its prey and leaves 
it lying dead, the fungus incites the algse taken in its net to 
more rapid activity ; nay, to more vigorous increase/’ This 
hypothesis, ushered upon the world with all the prestige of the 
Professor’s name, was not long in meeting with adherents, and 
the cardinal points insisted upon were — 1st. That the generic 
relationship of the coloured “ gonidla ” to the colourless fila- 
ments which compose the lichen thallus, had only been assumed, 
and not proved ; 2nd. That the membrane of the gonidia was 
chemically different from the membrane of the other tissues, 
inasmuch as the first had a reaction corresponding to that of 
alga), whilst the second had that of fungi; 3rd. That the 
different forms and varieties of gonidia corresponded with 
parallel types of algae; 4th. That as the germination of the 
spore had not been followed further than the development of a 
hypothallus, it might be accounted for by tho absence of the 
essential algal on which the new organism should become para- 
sitic ; /3th. That there is a striking correspondence between tho 
development of tho fruit in lichens and in some of the sporidii- 
ferous fungi ( Fyrenonujcetes ) . 

These five points have been combated incessantly by lichen- 
ologists, who would really be supposed by ordinary minds to be 
the most practically acquainted with the structure and develop* 
ment of these plants, in opposition to the theorists. It is a fact 
which should have some weight, that no lichenologist of repute 
has as yet accepted tho theory. In 1873 Dr. E. Barnet* came 
to tho aid of Schwendenci', and almost exhausted the subject, 
but failed to convince either tho practised lichenologist or 
mycologist. Tho two great points sought to bo established aro 
these, that what wo call lichens aro compound organisms, not 
simple, independent vegetable entities ; and that this compound 
organism consists of unicellular algm, with a fungus parasitic 
upon them. Tho coloured gonidia which are found in the 

* Bmnefc, (E,), u llocherches star les Gonidies des Lichens/* in “Ann, de« Sob 
Nat.” 1873, 8 vol. zvll 
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substance, or tballus of lichens, are the supposed algae ; and the 
cellular structure which surrounds, encloses, and imprisons the 
gonidia is the parasitic fungus, which is parasitic on something 
infinitely smaller than itself, and which it entirely and absolutely 
isolates from all external influences. 

Dr. Bornot believed himself to hare established that every 
gonidium of a lichen may be referred to a species of alga?, and 
that the connection between the hypha and gonidia is of such a 
nature as to exclude all possibility of the one organ being pro- 
duced by the other. This he thinks is the only way in which it 
can be accounted for that the gonidia of diverse lichens should 
be almost identical. 

Dr. Inlander, in referring to this hypothesis of an imprisoned 
algal,# writes : “The absurdity of such an hypothesis is evident 
from the very consideration that it cannot be the case that an 
organ (gonidia) should at the same time bo a parasite on the 
body of which it exercises vital functions ; for with equal 
propriety it might be contended that tho liver or the spleen 
constitutes parasites of tho mammiferm. Parasite existence is 
autonomous, living upon a foreign body, of which nature 
prohibits it from being at the same time an organ. This is 
an elementary axiom of general physiology. But observation 
directly made teaches that tho green matter originally arises 
within tho primary chlorophyll** or phycochrom-bearing cellule, 
and consequently is not intruded from any external quarter, nor 
arises in any way from any parasitism of any kind. Tho cellule 
at first is observed to bo empty, and then, by the aid of secretion, 
green matter is gradually produced in tho cavity and assumes a 
definite form. It can, therefore, bo very easily and evidently 
demonstrated that tho origin of green matter in lichens is on* 
tiroly the same as in other plants.” On another occasion, and in 
another place, tho sumo ominont lichen ologist remarks, t ns to 
tho supposed algoid nature of gonidia — “ that such an unnatural 
existence as they would thus pass, enclosed in a prison and 

* Nylandor, “On tho Algo-Lichen Hypothesis,” See., in “Gtovillea,” vol ih 
<1874), No. 22, p. 140. 

f In Ecgeashurg “Flora,” 1870, p. 92. 
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deprived of all autonomous liberty, is not at all consonant with 
the manner of existence of the other algae, and that it has no 
parallel in nature, for nothing physiologically analogous occurs 
anywhere else. Krempelhuber has argued that there are no 
conclusive reasons against the assumption that the lichen-gonidia 
may be self-developed organs of the lichen proper rather than 
algae, and that these gonidia can continue to vegetate separately, 
and so be mistaken for unicellular algae.” In this Th. Fries 
seems substantially to concur. But there is one strong argu- 
ment, or rather a repetition of an argument already cited, placed 
in a much stronger light, which is employed by Nylander in the 
following words : — “ So far are what are called algae, according 
to the turbid hypothesis of Schwendener, from constituting true 
algse, that on the contrary it may be affirmed that they have a 
lichenose nature, whence it follows that these pseudo- algm are 
in a systematic arrangement to be referred rather to the lichens, 
and that the class of al gas hitherto so vaguely limited should be 
circumscribed by new and truer limits. 

As to another phase in this question, there are, as Krempel- 
huber remarks, species of lichens which in many countries do 
not fructify, and whose propagation can only he carried on by 
means of the soredia, and the hyphse of such could in themselves 
alone no more serve for propagation than the hyphse from the 
pilous or stalk of an Agaric, while it is highly improbable that 
they could acquire this faculty by interposition of a foreign 
algal. On the other hand he argues : “ It is much more con- 
formable to nature that the gonidia, as self-developed organs of 
the lichens, should, like the spores, enable the hyphse proceeding 
from them to propagate the individual.* 

A case in point has been adducedf in which gonidia were 
produced by the hypha, and the genus JEmerieella 7 % which is 
allied to JXimeia in the Trichogastres, shows a structure in the 
stem exactly resembling PcilmeUa iotry aides of Grreville, and to 
what occurs in Synalyssa. HJmerieella, with one or two othe* 

* Rev, J, M, Crombie, in “Popular Science Review," July, 1874. 

f Berkeley's “ Introduction to Cryptogamic Botany,” p. 373, fig. 78#. 

t Berkeley's “Introduction/' p, 341, fig. 70. 
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genera, must, however, "be considered as connecting Trickogastres 
with lichens, and the question cannot be considered as satis- 
factorily decided till a series of experiments has been made on 
the germination of lichen spores and their relation to free algse 
considered identical with gonidia. Mr. Thwaites was the first 
to point out* the relation of the gonidia in the different sections 
of lichens to different types of supposed algos. The question 
cannot be settled by mere a priori notions. It is, perhaps, 
worthy of remark that in Cldonyphe Carteri the threads grow 
over the cysts exactly as the hypha of lichens is represented as 
growing over the gonidia. 

Eecently, Dr. Thwaites has communicated his views on one 
phase of this controversy ,f which will servo to illustrate the 
question as seen from the mycological side. As is well known, 
this writer has had considerable experience in the study of the 
anatomy and physiology of all the lower cryptogamia, and any 
suggestion of his on such a subject will at least commend itself 
to a patient consideration. 

“ According to our experience,” he writes, ** I think parasitic 
fungi invariably produce a sad effect upon the tissues they fix 
themselves upon or in. These tissues become pale in colour, 
and in every respect sickly in appearance. But who has over 
seen tho gonidia of lichens the worse for having the ‘hypha’ 
growing amongst them ? Those gonidia are always in tho 
plumpest state, and with the freshest, healthiest colour possible. 
Cannot it enter into tho heads of these most patient and ex- 
cellent observers, that a cryptogamic plant may have two kinds 
of tissue growing side by side, without tho necessity of one 
being parasitic upon tho other, just as one of the higher plants 
may have half a dozen kinds of tissue making up its organiza- 
tion? The beautifully symmetrical growth of tho same lichens 
has scorned to me a sufficient argument against one portion 
being parasitic upon another, but when wo see all harmony and 
robust health, the idea that one portion is subsisting parasitically 
upon another appears to me to be a perfect absurdity.” 

* % Annals and Magazine of Natural Hintory,” April, 1849. 

t la “ Gtardener’s Chronicle w for 1878, p. 1841. 
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It appears to ns that a great deal of confusion and a large 
number of errors which creep into our modem generalizations 
and hypotheses, may he traced to the acceptance of analogies 
for identities. How many cases of mistaken identity has the 
improvement of microscopes revealed during the past quarter 
of a century. This should a t least serve as a caution for the 
future. 

Apart, however, from the “ gonidia,” whatever they may be, 
is the remainder of the lichen a genuine fungus? Nylander 
writes, “The anatomical filamentose elements of lichens are 
distinguished by various characters from the hyphse of fungi. 
They are firmer, elastic, and at once present themselves in the 
texture of lichens. On the other hand, the hyphse of fungi are 
very soft, they possess a thin wall, and are not at all gelatinous, 
while they are immediately dissolved by the application of 
hydrate of potash, &c. # 

Our own experience is somewhat to the effect, that there are 
some few lichens which arc doubtful as to whether they are 
fungi or lichons, but, in by far the majority of cases, there is 
not the slightest difficulty in determining, from the peculiar 
firmness and elasticity of the tissues, minute peculiarities which 
the practised hand can detect rather than describe, and even 
the general character of the fruit that they differ materially 
from, though closoly allied to fungi. We have only experience 
to guido us in these matters, but that is something, and we have 
no experience in fungi of anything like a Gladonia , however 
much it may resemble a Torrulia or Clavaria ,• We have Pezizw 
with a subiculum in the section Tapesia, but the veriest tyro 
would not confound them with species of Parmelia. It is true 
that a great number of lichens, at first sight, and casually, 
resemble species of the Hijsteriacei, but it is no less strange 
than true, that lichenologists and mycologists know their own 
sufficiently not to commit depredations on each other. 

Contributions are daily being made to this controversy, and 
already the principal arguments on both sides have appeared in 


* u Grevillea,” vol. xL p. 147, in note. 
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an English dress, 1 • hence it will be unnecessary to repeat those 
which are modifications only of the views already stated, our 
own conclusions being capable of a very brief summary : that 
lichens and fungi are closely related the one to the other, but 
that they are not identical ; that the “ gonidia ” of lichens 
are part of the lichen- organization, and consequently are not 
algoe, or any introduced bodies ; that there is no parasitism ; 
and that the lichen thallus, exclusive of gonidia, is wholly 
unknown amongst fungi* 

The Rev. J. M. Grombie has therefore our sympathies in the 
remark with which his summary of the gonidia controversy 
closes, in which he characterizes it as a “ sensational romance of 
lichenology,” of the tC unnatural union between a captive algal 
damsel and a tyrant fungal mas ter.” 

* 'W', Archer, in “Quart. Journ. Micr. Sci.” vol, xiii. p. 217; vnl, xiv. 
p, 115* Translation of Schwendenor’s “Nature of the Gonidia of Lichens, 11 in 
same journal, vol. xiii. p. 23$. 
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Without some knowledge of the structure of fungi, it is searcelv 
possible to comprehend the principles of classification, or to 
appreciate the curious phenomena of polymorphism. Tet there 
is so great a variety in the structure of the different groups, 
that this subject cannot be compressed within a few paragraphs, 
neither do wo think that this would be desired if practicable' 
seomg that the anatomy and physiology of plants is, in itself] 
sufficiently important and interesting to warrant a rather ex- 
tended and explicit survey. In order to impart as much prac- 
tical utility as possible to this chapter, it seems advisable to 
troat some of the most important and typical orders and sub- 
orders separately, giving prominence to the features which are 
chiefly characteristic of those sections, following the order of 
systematists as much as possible, whilst endeavouring to render 
each section independent to a considerable extent, and complete 
in itself. Somo groups naturally present more noteworthy 
features than others, and will consequently seem to receive 
more than their proportional share of attention, but this seem- 
ing inequality could scarcely have been avoided, inasmuch as 
hitherto somo groups have been more closely investigated than 
others, are moro intimately associated with other questions, or 
are moro readily and satisfactorily examined under different 
aspects of tlieir life-history. 

Agaricini. For the structure that prevails in the order to 
which the mushroom belongs, an examination of that species 
will be almost suflScient. Hero wo shall at once recognize 

0 
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three distinct parts requiring elucidation, viz. the rooting 
slender fibres that traverse the soil, and termed the mycelium , , 
or spawn, the stem and cap or pileus, which together eon- 
stitute what is called the hymenopkore , and the plates or gills 
on the under surface of the cap, which boar the hymen i mi. 
The earliest condition in which the mushroom, can be recognized 
as a vegetable entity is in that of the “ spawn ” or mycelium, 
which is essentially an agglomeration of vegetating spores. Its 
normal form is that of branched, slender, entangled, anasto- 
mosing, hyaline threads. At certain privileged points of the my* 
celium, the threads seem to be aggregated, and become centres 
of vertical extension. At first only a small nearly globose bud* 



Fig. 1.— Agaric In Process of Growth. 


ding, lit© a grain of mustard seed, is visible, but this after* 
wards increases rapidly, and other similar buddings or swellings 
appear at the base.* These are the young hymenophore. As 

* A curious case occurred some years since at Bury St. Edmunds, which may he 
mentioned hero in connection with the development. of these nodules. Two children 
had died under suspicious circumstances, and an examination of the body of 
the latter after exhumation was made, a report having: arisen that the child died 
after eating mushrooms. As certain white nodules appeared on the inner surface 
of the intestines, it was at once hastily concluded that the spores of the mush- 
room had germinated, and that the nodules wore infant mushrooms. This 
appeared to one of us so strange, that application was made for specimens, 
which were kindly forwarded, and a cursory glance was enough to convince us. 
that they were not fungoid. An examination under the microscope further oon-/ 
firmed the diagnosis, and the application of nitric acid showed that the nodule# 
were merely due to chalk mixture, which had been given to the child for 
dforrhetic symptoms under which he succumbed. 
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it pushes through the soil, it gradually loses its globose form, 
becomes more or less elongated, and in this condition a longftu* 
dinal section shows the position of the future gills in a pair of 
opposite crescent-shaped darker-coloured spots near the apex. 
The dermal membrane, or outer skin, seems to be continuous 
over the stem and the globose head. At present, there is no 
external evidence of an expanded pileus and gills; a longitu- 
dinal section at this stage shows that the gills are being deve- 
loped, that the pileus is assuming its cap-like form, that the 
membrane stretching from the stem to the edge of the young 
pileus is separating from the edge of the gills, and forming a 
veil, which, in course of time, will separate below and leave the 
gills exposed. When, therefore, the mushroom has arrived 


almost at maturity, the pileus 
expands, and in this act the 
veil is torn away from the 
margin of the cap, and re- 
mains for a time like a collar 
around the stem. Fragments 
of the veil often remain at- 
tached to the margin of the 
pileus, and the collar adhe- 
rent to the stem falls back, 
and thenceforth is known as 
the annulus or ring. Wo 
have in this stage the fully- 
developed hymenophore, — 
the stem with its ring, sup- 
porting an expanded cap or 
pileus, with gills on the under 
surface bearing the hyme- 



Fki, 2 —Suction of Common Mushroom* 


*tium. # A longitudinal section cut through the pilous and down 


* Ehrenberg compared the whole Rtructure of an Agarics with that of a mould, 
tho mycelium corresponding with the hyphasraa, the stem and pilaus with the 
flood, and the hymenium with the fructifying branchlets, The comparison is no 
less ingenious than true, and gives a lively idea of tho connection of the more 
noble with the more humble fungi.— jEfcrh, dt Mycetogenm. 

<3 1 
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the stem, gives the best notion of the arrangement of the 
parts, and their relation to the whole. By this means it will bo 
seen that the pilens is continuous with the stem, that the sub- 
stance of the pileus descends into the gills, and that relatively 
the substance of the stem is more fibrous than that of the pilous. 
In the common mushroom the ring is very distinct surrounding 
the stem, a little above the middle, like a collar. In some 
Agarics the ring is very fugacious, or absent altogether. The 
form of the gills, their mode of attachment to the stem, their 
colour, and more especially the colour of the spores, are all very 
important features to be attended to in the discrimination of 
species, since they vary in different species. The whole 
substance of the Agaric is cellular. A longitudinal slice from 
the stem will exhibit under the microscope delicate tubular 
cells, the general direction of which is lengthwise, with lateral 
branches, the whole interlacing so intimately that it is dilli* 
cult to trace any individual thread very far in its course. It 
will bo evident that the structure is less compact as it approaches 
tho centre of the stem, which in many species is hollow. The 
Jiypienium is tho spore-bearing surface, which is exposed or naked, 
and spread over tho gills. These plates are covered on all sides 
with a delicate membrane, upon which the reproductive organs 
are developed. If it were possiblo to remove this membrane in 
one entire piece and spread it out flat, it would cover an 
immense surface, as compared with tho size of the pileus, for it 
is plaited or folded like a lady's fan over tho whole of the gill* 
plates, or lamella?, of tho fungus.* If the stem of a mushroom 
be cut off close to the gills, and the cap laid upon a shoot of 
papox*, with the gills downwards, and left there for a few hours, 
when removed a number of dark radiating lines will bo deposited 
upon tho papor, each line corresponding with tho interstices 
between one pair of gills. These linos are made up of spores 
which have fallen from the hymenium, and, if placed under tho 
microscope, their character will at once bo mado evident. If 
a fragment of tho hymenium bo also submitted to a similar 
examination, it will bo found that the wholo surface is studded 
* la Pamltm invohtus its Lyineniura may he readily torn off and unfolded. 
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with spores. The first peculiarity which will be observed is, 
that these spores are almost uniformly in groups of four 
together. The next feature to be observed is, that each spore 
is borne upon a slender stalk or sterigma, and that four of these 
sterigmata proceed from the apex of a thicker projection, from 
the hymenium, called a basidium , each basidium being the sup- 
porter of four sterigmata, and each sterigma of a spore.* A 
closer examination of the hymenium will reveal the fact that 
the basidia are accompained by other bodies, often larger, but 
without sterigmata or spores ; these have been termed cystidia, 


and their structure and functions have ^ 

been the subject of much controversy.!" p\|X A A A im- 

Both kinds of bodies are produced on |t ,J fjj jljl 

the hymenium of most, if not all, the VjT § & 

Agaricini. ft jl fat 1 

The basidia are usually expanded 
upwards, so as to have more or less (J fit if 
of a clavate form, surmounted by four I !| If || Jl|| J# II' Jf 
slender points, or tubular processes, ft ' 1 W I ||( j/j I 

each supporting a spore ; the contents Y\ \\ U \j |7 if M . ' 
of these colls are granular, mixed X J' ' i' V I !i i 'Jlj 
apparently with oleaginous particles, y\ ; h\ IL/I A '/DC 
which communicate through tho 
slender tubes of the spicules with 

the interior of the spores. Corcla „ A \ _ - 

states that, although only one spore is sidia. c. oystidnim. From am- 
produced at a time on each sporo- ^ udiUS aoylia,) ‘ 
phore, when this falls away others are produced in succession 
for a limited period. As tho spores approach maturity, the con- 
nection between their contents and the contents of the basidia 


diminishes and ultimately ceases. When the basidium which 
bears mature spores is still well charged with granular matter, 
it may bo presumed that the production of a second or third 


* Ttis was well delineated in “ Flora Danica/' plate 8 34, as observed in Coyriiwt 
contains as lung ago as 1780. 

f A. dts liary, “Morphologic nnd Physiologic der Pilzo,” in “Hofmeister’s Ba&d- 
3mcV P wl. ii. cap. 0, 1800, translated in “ Grovillea,” vol. i. p. 181. 
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lories of spores is quite possible. Basidia exhausted entirely of 
their contents, and which have become quite hyaline, may often 
be observed. 

^ The cystidia are usually larger than the basidia, varying in 
size and form in different species. They present the appearance 
of large sterile cells, attenuated upwards, sometimes into a 
slender neck. Corda was of opinion that these were male 
organs, and gave them the name of jpollinaires . Hoffmann has 
also described # both these organs under the names of pollinaria 
and spermatia, but does not appear to recognize in them the 
sexual elements which those names would indicate ; whilst 
do Seynes suggests that the cystidia are only organs returned to 
vegetative functions by a sort of hypertrophy of the basidia. + 
This view seems to be supported by the fact that, in the section 
jpluteus and some others, the cystidia are surmounted by short 
horns resembling sterigmata. Hoffmann has also indicated $ 
the passage of cystidia into basidia. The evidence seems to he in 
favour of regarding the cystidia as barren conditions of basidia. 
There are to he found upon the hymenium of Agarics a third 
kind of elongated cells, called by Corda § basilary cells, and by 
Hoffmann “ sterile cells,” which are either equal in size or smaller 
than the basidia, with which also their structure agrees, except- 
ing in the development of spicules. These are the “ proper cells 
of the hymenium’’ of Leveille, and are simply the terminal cells 
of the gill structure — cells which, under vigorous conditions, 
might bo developed into basidia, but which are commonly 
arrested in their development. As suggested by do Seynes, the 
hymenium seems to be reduced to great simplicity, u one solo 
and self-some organ is the basis of it ; according as it experiences 
an arrest of development, as it grows and fructifies, or as it 
becomes hypertrophied, it gives us a paraphyse, a basidium, or 
a cystidium— in other terms, atrophied basidium, normal basi- 

* li Die Pollinarion md Spermatien von Ayaricus” in a Bofcamaelio Zeitung/' 
Fob. 29 and March 7, 1856. 

f H Ewsai d'uno Flore rnycoiogique do la "Region do Montpellier* * * § ’* Fans, 1869. 

$ Hoffmann, “ Botaniacho Zeitmig,” 1856, p. 139, 

§ Corda, “ loonea Fuagorum hucusquo cognitorum,” iff. p. 41. Prague, 1839. 
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dium, and hypertrophied basidinm ; these are the three elements 
"which form the hymenium.”* 

The only reproductive organs hitherto demonstrated in Agarics 
are the spores, or, as sometimes called, from their method of 
production, basidiospores. f These are at first colourless, but 
afterwards acquire the colour peculiar to the species. In size 
and form they are, within certain limits, exceedingly variable, 
although form and size are tolerably constant in the same 
species. At first all are globose; as they mature, the majority are 
ovoid or elliptic ; some are fusiform, with regularly attenuated 
extremities. In Hygropkorus they are rather irregular, reniform, 
or compressed in the middle. Sometimes the external surface is 
rough with more or less projecting warts. Some mycologists 
are of opinion that the covering of the spore is double, consist- 
ing of an exospore and an endospore , the latter being very fine 
and delicate. In other orders the double coating of the spore 
has been demonstrated. When the spore is coloured, the exter- 


nal membrane alone appears to pos- 
sess colour, the endospore being con- 
stantly hyaline. It may be added here, 

that in this order the spore is simple 0 

and unicellular. In Lactarius and 11 

Russula the trama, or inner substance, 

is vesicular. True latex vessels occur V 

occasionally in Agaricus y though not 

filled with milk as in Lactarius. 

PoijYPOREi. — In this order the gill 
plates are replaced by tubes or pores, 

the interior of which is lined by the Plo 4 _ Pol , po , w ^ antml(m . 

hymenium ; indications of this struc- duced )- 

turo having already been exhibited in some of the lower 


Fio 4 —Poly poms gigantms (re- 


* Cooke, M. C„ ** Anatomy of a Mushroom,” in <{ Popular Science Review,” 
vol, viii, p. 380. 

f An attempt was made to show that, in Agaricus mellmti distinct asci were 
found, in a certain stage, on the gills or lamell®. We have in vain examined the 
gills in various conditions, and could never detect anything of the kind. It is 
probable that the asci belonged to some species of Hypomym, a genus of para- 
sitic Spbceriaceous fungi. 
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Agancini. In many cases the stem is suppressed. The sub- 
stance is fleshy in Boletus, but in Polyporus the greater number 
of species are leathery or corky, and more persistent. The 
basidia, spicules, and quaternate spores agree with those of 
AgaricinL * In fact there are no features of importance which 
relate to the hymenium in any order of Hymenomycetes (the 
Tremellini excepted) differing from the same organ in Agaricim, 
unless it be the absence of cystidia . 

Hydnei. — Instead of pores, 
in this order the hymenium 
is spread over the surface of 
spines, prickles, or warts.f 
Auricularinl — The hyme- 
nium is more or less even, 
and in—' 

Clavariei the whole fungus 
is club-shaped, or more or 
less intricately branched, with 
Fra. xtyandtm. the hymenium covering the 

outer surface. 

Tremellini. — In this order we have a great departure from 
the character of the substance, external appearance, and internal 
structure of the other orders m this family. Here we have a 
gelatinous substance, and the form is lobod, folded, convolute, 
often resembling the brain of some animal. The internal Htruc- 

* It is not intended that the spores are always quaternate in A ty trie ini, though 
that number is constant in the more typical species. They sometimes exceed 
four, and are sometimes reduced to one. 

t The species long known as fly drum yelatimmm was examined by Mr. F, 
Curroy in 18(10 {Journ, Linn. Hoc . }, and be came to the conclusion tbut it woe 
not a good flydnum, Since then it lias hm\ made &e type of a new genus 
(Hydnoylaa B. and Hr. or, as called by Fries, in tin* noflpition of “ EpimsiB,’* 
Trcmdltidon, Peis. Myc. Bur.), and transferred to the TfmdUni. Carrey says, 
upon examining the fructification, he wits surprised to jnnd that, although in its 
external characters it was a perfect flydnum , it teethe fruit of a Trtme.Ua. 
If one of the teeth be examined with the niicrowoiie, itivill ho seen to consist of 
threads hearing four dobed sporophorcs, and spores exactly similar to Trmclla, 
It will thus be seen, he adds, that the plant is exactly intermediate between 
Bydmi and Tnmllini, fuming, as it were, a stepping-stone from one to the other. 
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tare lias been specially illustrated by M. Tulasne,* through the 
common species, Tremella ones ent erica. This latter is of a 
fine golden yellow colour, and rather 
large size. It is uniformly composed 
throughout of a colourless mucilage, 
with no appreciable texture, in which 
are distributed very fine, diversely 
branched and anastomosing filaments. 

Towards the surface, the ultimate 
branches of this filamentous network 
give birth, both at their summits and 
laterally, to globular cells, which ac- 
quire a comparatively large size. 

These cells are filled with a protoplasm, to which the plant 
owes its orange colour. When they have attained their normal 
dimensions, they elongate at the summit into two, three, or 
four distinct, thick, obtuse tubes, into which the protoplasm 
gradually passes. Tb ^development 

of these tubes is unequal and not 
simultaneous, so that (M& will often 
attain its full dimensions, equal, per- 
haps, to three or four times the dia- 
meter of the generative cell, whilst 
the others are only just appearing. 

By degrees, as each tube attains its 
full size, it is attenuated into a fine 
point, the extremity of which swells 
into a spheroidal cell, which ulti- 
mately becomes a spore. Sometimes these tubes, or spicules, 
sond out one or two lateral branches, each terminated by a spore. 
Those spores (aho^fcOOO to *008 mm. diameter) are smooth, and 
deposit tliemselvos^ko a fine white dust, on the surface of the 
Tremella and on its \mtrix. M. Leveillef was of opinion that 

* Tulosne, L. B. anct O.J “Observations withe Organization of the Trelnelliai, ,, 
in “Ann. des Sei. Nat.” Sr* sdr. xix. (1893), pp. 193, &e, 

•J* M. Ltfveillli, in “Ank des Sei, Nat.” 2®° s4r. viii p. 328; 3 m8 s<5r, is, 
p. 127 j also Bonordoa, “Iikadbuch der Mjcoiogie,” p. 161. 
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the basidia of the Tremellini were monosporous, whilst M. 
Tulasne has demonstrated that they are habitually tetrasporous, 
as in other of the Hymenomycetes. Although agreeing in this, 
they differ in other features, especially in the globose form of 
the basidia, mode of production of the spicules, and, finally, the 
division of the basidia into two, three, or four cells by septa 
which cut each other in their axis. This division precedes the 
growth of the spicules. It is not rare to see these cells, formed 
at the expense of an unilocular basidium, become partly isolated 
from each other ; in certain cases they seem to have separated 
very early, they then becomo larger than usual, and are grouped 
on the same filament so as to represent a kind of buds. This 
phenomenon usually takes place below the level of the fertile 
cells, at a certain depth in the mucous tissue of the Tremella, 
Besides the reproductive system hero described, Tulasne also 
made known the existence of a series of filaments which produce 
spermatia. These filaments are often scattered and confused 
with those which produce the basidia, and not distinguishable 
from them in size or any other apparent characteristic, except 
the manner in which their extremities arc branched in order to 
produce the spormatia. At other times the spermatiad )eari xi g 
surface covers exclusively certain portions of the fungus, espe- 
cially the inferior lobes, imparting thereto a very bright orange 
colour, which is communicated by the layer of sperm alia, 
unmixed with spores. These spots retain their bright colour, 
whilo the remainder of the phint becomes pale, or covered with 
a whito dust. The spermatia arc very small, spherical, and 
smooth, scarcely equalling ’002 mm* They are sessile, some- 
times solitary, sometimes thi*eo or four together, on the 
slightly swollen extremities of certain filaments of the weft of 
tho fungus.* Tulasne found it impossible to make those cor- 
puscles germinate, and in all essential particulars they agreed 
with tho spermatia found in ascomycetous fungi, 

. In the genus Dacrymycat, the same observer found tho structure 

* Tulasne, in “ Ann, dcs Ret Nat.” (loc. eit.) xi*. pi, x. % 29. Tulasne, 
“New Notes upon TremcUinouH Fungi,” in “ Journ. Linn. Soc.” vol xiit (1871), 
p* 81 . 
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to have great affinity with that of Tremella. The spores in the 
species examined were of a different form, being oblong, very 
obtuse, slightly curved ( , 013— '019 x *004 — *006 mm.), at first 
unilocular, but afterwards triseptate. The basidia are cylin- 
drical or clavate, filled with coloured granular matter ; each of 
these bifurcates at the summit, and gradually elongates into two 
very open branches, which are attenuated above, and ultimately 
each is crowned by a spore. There are to be found also in the 
species of this genus globose bodies, designated “ sporidioles ” 
by M. Leveille, which Tulasne took considerable care to trace to 
their source. He thus accounts for them : — Each of the cells or 
tho spore emits exteriorly one or several of these corpuscles, 
supported on very short and very slender pedicels, which remain 
after the corpuscles are detached from them, new corpuscles 
succeeding the first as long as there remains any plastic matter 
within the spore. The pedicels are not all on the same plane ; 
they arc often implanted all on the same, and offcenest on the 
convex side of the reproductive body. These corpuscles, though 
placed under the most favourable conditions, never gave the 
least sign of vegetation, and Tulasne concludes that they are 
spermatia, analogous to thoso produced in Tremella . The spores 
which produce sperm atia are not at all apt to germinate, whilst 
those which did not produce spermatia germinated freely. Hence 
it would appear that, although all spores Boom to be perfectly iden- 
tical, they have not all the same function. The same observer 
detected also amongst specimens of tho Dacrymyoes some of a 
darker and reddish tint, always bare of sporos or spermatia on 
tho surfitce, and these presented a somewhat different structure* 
Where the tissue had turned rod it was sterile, the constituent 
filaments, ordinarily colourless, and almost empty of solid matter, 
wore filled with a highly-coloured protoplasm $ they wero of less 
tenuity, more irregularly thick, and instead of only rarely pre- 
senting partitions, and remaining continuous, as in other parts 
of tho plant, wore parcelled out into an infinity of straight or 
curved pieces, angular and of irregular form, especially towards 
the surface of tho fungus, whore they compose a sort of pulp, 
varying in cohesion according to the dry or moist condition of 
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the atmosphere. All parts of these reddish individuals seemed 
more or less infected with this disintegration, the basidia divided 
by transverse diaphragms into several cylindrical or oblong 
pieces, which finally become free. Ti*ansitional conditions were 
also observed in mixed individuals. This sterile condition is 
called by Tnlasne “ gemmiparous,” and he believes that it has 
ere now given origin to one or more spurious species, and misled 
mycologists as to the real structure of perfect and fruitful 
JDacrymyces. 

Phalloidei. — In this order the liymenium is at first enclosed 
within a sort of peiidium or universal volva, maintaining a 
somewhat globose or egg-shape. This envelope consists of an 
outer and inner coat of somewhat similar texture, and an inter- 
mediate gelatinous layer, often of considerable thickness. When 
a section is made of the fungus, whilst still enclosed in the 
volva, the hymenium is found to present numerous cavities, in 
which basidia arc developed, each surmounted by spicules (four 
to six) bearing oval or oblong spores.* It is 
vnp? very difficult to observe the structure of the hy- 
ftf Jm mcnium in this order, on account of its deliques- 
\ Ij f cent nature. As the liymenium approaches ma- 

IjJ turily, the volva is ruptured, and the plant rapidly 
I j enlarges. In Phallus^ a long erect cellular stem 

' bears the cap, over which the hymenium is 

mid s P ml<1 > aud tlu ' H expands enormously after eseap- 
* ing the restraint of the volva. Soon after expo- 

sure, the hymenium deliquesces into a dark mucilage, coloured 
by the minute spores, which drips from the pilous, often diffus- 
ing a most loathsome odour for a considerable distance. In 
CfotJin/x, the receptacle forms a kind of network, in Atiariie, 
the pilous is beautifully stellate. In many the attractive forms 
would bo considered objects of beauty, were it not for their 
deliquescence, and often fentid odour, f 

* Berkeley, M. J., “On the Fructification o l Lyeopeithm, flialluH, &c.,” in 
“ Ann. Nat. Hint.” 1840, vol Iv. p. 158, pi. 5. Berkeley, M. J., “ Intretlue- 
iion Crypt. Bofc.” p. 34(5. 

f Tulaane, L. E, and C., “Fungi Hypogwi.” Paris. Berkeley and Broome, 
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Podaxinei, — T his is a small but very curious group of fungi, 
in which the peridium resembles a volva, which is more or less 
confluent with the surface of the pileus. They assume hymeno- 
mycetal forms, some of them looking like Agarics, Boleti, or 
species of Hydnim , with deformed gills, pores, or spines ; in 
MontagnitcSy in fact, the gill structure is very distinct. The 
spores are borne in definite clusters on short pedicels in such of 
the genera as have been examined.- 31 ' 

HYPOGffir. — These are subterranean puff-balls, in which some- 
times a distinct peridium is present ; but in most cases it consists 
entirely of an external series of cells, continuous with the in- 
ternal structure, and cannot be correctly estimated as a peridium. 
The hymenium is sinuous and convolute, bearing basidia with 
stcrigmata and spores in the cavities. Sometimes the cavities are 
traversed by threads, as in the Myxogastres. The spores are in 
many instances beautifully echinulate, sometimes globose, at 
others elongated, and produced in such numbers as to lead to 
the belief that their development 13 successive on the spicules. 
When fully matured, the peridia are filled with a dusty mass 
of spores, so that it is scarcely possible in this condition to gain 
any notion of the structure. This is, indeed, the case with 
nearly all Gasleromyeeles. The hypogcoous fungi are curiously 
connected with JPhalloidci by the genus llysterangium. 

TiiiCHOOASTHSS.t — In their early stages the species contained in 
this group are not gelatinous, as in the Myxogastres, but are rather 
fleshy and firm. Very little has been added to our knowledge 
of structure in this group since 1830 and 1842, when one of us 
wrote to the following effect: — If a young plant of Lycojperdcn 
eceltUuni or L. gemmatim bo cut through and examined with a 
common pocket Ions, it will bo found to consist of a fleshy mass, 

“British HypoguiMis Fungi,” in “Ann. Nat, Hint.*’ 1840, xviii, p, 74. Corda, 
“ Fungoruiu,” vol. vi, pi. vii. viii. 

* T tit i sue, “Bur U* <ienrc Secothm t ” in “Ann, ties Sci. Nat,” (1845), 
h£*i\ vol. iv. p, 100, pinto 0. 

f Tulnniii*, Jj, It, and C.» “De la Fructification des Scleroderma compare® a 
colic den Ltft'oftmlon. et des Bomta" in w Ann. des Sci. Nat.” 1842, xvii, p. & 
Tulafmtf, h. R and <t, “ Bur Job Genres Polysaecum ot boaster/’ in 4 ‘Ann, tie* 
Sci. Nat,” 1842, xviii, p* 120, pi 5 and 0. 
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perforated in every direction with minute elongated, reticulated, 
anastomosing, labyrinthiform cavities. The resemblance of these 
to the tubes of j Boleti in an early stage of growth, first led me to 
suspect that there must be some very close connection between 
them. If a very thin slice now be taken, while the mass is yet 
firm, and before there is the slightest indication of a change of 
colour, the outer stratum of the walls of these cavities is found 
to consist of pellucid obtuse cells, placed parallel to each other 
like the pile of velvet, exactly as in the young hymenium of an 
Agaric or Boletus. Occasionally one or two filaments cross from 
one wall to another, and once I have seen these anastomose. 
At a more advanced stage of growth, four little spicules are 



Fro. 0.— Basidia and flpovce 
of lycopcrdon. 


developed at the tips of the sporo- 
phores, all of which, as far as I have 
been able to observe, are fertile and of 
equal height, and on each of these 
spicules a globose spore is seated. It 
is clear that we have here a structure 
identical with that of the true Ily- 
menomycetes, a circumstance which 
accords well with the fleshy habit and 
anode of growth. There is some diffi- 
culty in ascertaining the exact struc- 
ture of the species just noticed, as 
the fniit-bearing cells, or sporophores, 


are vory small, and when the spicules are developed the substance 
becomes so flaccid that it is difficult to cut a proper slice, even 


with the sharpest lancet. I have, however, satisfied myself as 
to the true structuro by repeated observations. But should any 
difficulty arise in verifying it in tho species in quostion, there 
will bo none in doing so in Lycopmlon giganteum . In this 


species the fructify! ng mass consists of the same sinuous cavities, 
which are, however, smaller, so that the substance is more com- 
pact, and I have not seen them traversed by any filaments# In 
an early stage of growth, the surfaco of tho hymenium, that is of 
the walls of the cavities, consists of short threads composed of 


two or three articulations, which are slightly constricted at the 
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joints, from which, especially from the last, spring short branch- 
lets, often consisting of a single cell. Sometimes two or more 
branchlets spring from the same point. Occasionally the threads 
are constricted without any dissepiments, the terminal articula- 
tions are obtuse, and soon swell very much, so as greatly to 
exceed in diameter those on which they are seated. When arrived 
at their full growth, they are somewhat obovate, and produce 
four spicules, which at length arc snrmounted each with a glo- 
bose spore. When the spores are fully developed, the sporophores 
wither, and if a solution of iodine be applied, which changes 
the spores to a rich brown, they will be seen still adhering by 
their spicules to the faded sporophores. The spores soon 
become freo, but the spicule often still adheres to them; 
hut they are not attached to the intermingled filaments. 
In Bovista plumbea, the spores have very long peduncles.* As 
in the Hymen omycetes, the prevailing type of reproductive organs 
consisted of quaternary spores borne on spicules ; so in Gastero- 
mycetes , the prevailing type, in so far as it is yet known, is very 
similar, in somo cases nearly identical, consisting of a definite 
number of minute spores borne on spicules seated on basidia. 
In a very large number of genera, the minute structure and 
development of the fructification (beyond the mature spores) 
is almost unknown, but from analogy it may be concluded that 
a method prevails in a large group like the Myxogastres which 
does not differ in essential particulars from that which is known 
to exist in other groups. The difficulties in the way of studying 
the development of the spores in this are far greater than in the 
previous order. 

Mvxogastms. — At one time that celebrated mycologist, Pro- 
fessor Do Bary, seemed disposed to exclude this group from the 
vegetable kingdom altogether, and relegate them to a companion- 
ship with amoeboid forms. But in more recent works he seems 
to have reeonsidored, and almost, if not entirely, abandoned, 
that disposition. These fungi, mostly minute, are characterized 
in their early stages by their gelatinous nature. The substance 

* Berkeley, “On the Fructification of Lycopertlon, &c., 5> In “Annala of 
Natural History” (1840), iv. p. 165. 
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of winch they are then composed bears considerable resemblance 
to sarcode, and, did they never change from this, there might be 
some excuse for doubting as to their vegetable nature ; but as the 
species proceed towards maturity they lose their mucilaginous 
texture, and become a mass of spores, intermixed with threads, 
surrounded by a cellular peridium, Take, for instance, the genus 
Tricilia , and we have in the matuxud specimens a somewhat 
globose peridium, not larger than a mustard seed, and some- 
times nearly of the same colour ; this ultimately ruptures and 
exposes a mass of minute yellow spherical spores, intermixed 
with threads of the same colour.* These threads, when higlily 
magnified, exhibit in themselves a spiral arrangement, which 
has been the basis of some controversy, and in some species 
these threads are externally spinulose. The chief controversy 



a. 

Fto. 20.— «, Throadfi of 2'nthm. 6. Portion further magnified, with fiporea. c. Por- 
tion of thread. 

on these threads has been whether the spiral markings aro 
external or internal, whether caused by twisting of the thread 
or by the presence of an external or internal fibre. The spiral 
appearance has never been called in question, only the structure 
from whence it arises, and this, like the strife of diatoms, is 
very much an open question. Hr. Currey held that the spiral 

* Wigand, “Morphologic Go urea Triciiia et Areyria,” 3 a “Ann* <2ea Sci 

Nat.** 4 Wo a<5r, xvi, 22S, 
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appearance may be accounted for by supposing the existence 
of an accurate elevation in the wall of tbe cell, following a 
spiral direction from one end of tbe thread to tbe other. This 
supposition would, he thinks, accord well with the optical 
appearances, and it would account exactly for the undulations 
of outline to which he alludes. He states that he had in 
his possession a thread of Tricilia chrysosperma, in which the 
spiral appearance was so manifestly caused by an elevation of 
this nature, in which it is so clear that no internal spiral fibre 
exists, that he did not think there could be a doubt in the mind 
of any person carefully examining it with a power of 500 
diameters that tbe cause of the spiral appearance was not a 
spiral fibre. In Arcyria, threads of a different kind are present; 



Fig, 11 .— Arcyria incamata, with portion of threads and spore, magnified. 

they mostly branch and anastomose, and are externally furnished 
with prominent warts or spines, which Mr. Currey* holds are 
also arranged in a spiral manner around the threads. In other 
Myxogastres, threads are also present without any appreciable 
spiral markings or spines. In the mature condition of these 
fungi, they so clearly resemble, and have such close affinities 
with, the Triohogastres that one is led almost to doubt whether 
it was not on hasty grounds, without due examination or 
consideration, that proposals were made to remove them from 
the society of their kindred. 

Yery little is known of the development of the spores in 
this group ; in the early stages the whole substance is so pulpy, 
and in the latter so dusty, whilst the transition from one to 

* Ourrey, “On Spiral Threads of Trichia/’ in “Quart. Joura. Micr. 
Science ” (1855), fit p. 17. 

D 
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the other is so rapid, that the relation between the spores and 
threads, and their mode of attachment, has never been definitely 
made out. It has been supposed that the spinulose projections 
from the capillitinm in some species are the remains 
of pedicels from which the spores have fallen, but 
there is no evidence beyond this supposition in its 
favour, whilst on the other hand, in Stemonitis , for 
instance, there is a profuse interlacing capillitiuni, 
and no spines have been detected. In order to 
strengthen the supposition, spines should be more 
commonly present. The threads, or capillitium, form 
a beautiful reticulated network in Stemonitis , Crihra- 
ria 9 JDiacJuea , Dicfydimi, &e. In Sjnmaria, Beticu- 
Jaria , Lycogala , &c., they are almost obsolete/ In 
no group is the examination of tlie development of 
structure more difficult, for the reasons already 
alleged, than in the Myxogastres. 

Nidulariacei. — This small group departs in some 
important particulars from the general type of struc- 
ture present in the rest of the Casleromycetes.f 
The plants hero included may be described under three parts, 
the mycelium, the peridium, and the sporangia. The mycelium 
is often plentiful, stout, rigid, interlacing, and 
coloured, running over the surface of the soil, or 
amongst the vegetable debris on which the fungi 
establish themselves. The peridia are seated upon 
this mycelium, and in most instances are at length 
open above, taking the form of cups, or beakers. 
Fio. il>~~cyathut ^keso organs consist of three strata of tissue vary* 
vemieonus. ing in structure, the external being fibrous, and 
sometimes hairy, the interior cellular and delicate, the inter- 
mediate thick and at length tough, coriaceous, and resistant. 


fcol 


Fia 12.— Dia- 
ckft'ii etegans. 



* In tome of the genera, as, for instance, in Radhamia, Fnerthenems and 
Reticularis the spores are produced within delicate cells or cysts, which axe 
afterwards absorbed. 

f Masae, “ Esaai d’une Monographic des Nidulari^es,” in u Ann. ties SdL 
Nat/ (1844), i. 41 and 04. 
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When first formed, the peridia are spherical, they then elongate 
and expand, the mouth being for some time closed by a veil, 
or diaphragm, which ultimately disappears. Within the cups 
lentil-shaped bodies are attached to the base and sides by elastic 
cords. These are the sporangia. Each of these has a com- 
plicated structure ; externally there is a filamentous tunic, 
composed of interlaced fibres, sometimes called the peridiole; 
beneath this is the cortex, of compact homogenous structure, 
then follows a cellular thicker stratum, bearing, towards the 
centre of the sporangia, delicate branched threads, or sporo- 
phores, on which, at their extremities, 
the ovate spores are generated, some- 
times in pairs, but normally, it would 
seem that they are quaternary on spicules, 
the threads being true basidia. The whole 
structure is exceedingly interesting and 
peculiar, and may be studied in detail in 
Tulasne’s memoir on this group. 

Spiuerontcmei. — In this very large and, 
within certain limits, variable order, there 
is but little of intei’est as regards struc- 
ture, which is not better illustrated else- 
where ; as, for instance, some sort of peri- 
ihecium is always present, but this can P^uro. d, Spores, 
be bettor studied in the Splice nacei. The spores are mostly very 
minute, borne on delicate sporopliores, which originate from the 
inner surface of the perithecia, but the majority of so-called 
species are undoubtedly conditions of sphseriaceous fungi, either 
spermatogonia or pyenidia, and are of much more interest 
when studied in connection with the higher forms to which they 
belong.* Probably the number of complete and autonomous 
species are very few. 

MbTjANCOWIei.— H ero, again, are associated together a great 
number of what formerly were considered good species of fungi* 
but which arc now known to bo but conditions of other forms. 



* Berkeley, M. J., u Introduction, Crypt. Bot.” p. 330. 


» 2 
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One great point of distinction between these and the preceding 
is the absence of any true perithecium, the spores being pro- 
duced in a kind of spurious receptacle, or from a sort of stroma. 
The spores are, as a rule, larger and much more attractive than 
in Sphasronemei, and, in some instances, are either very fine, or 
very curious. Under this head we may mention the multi- 
septate spores of Coryneum; the tri-radiate spores of As ter o- 
sporiim; the curious crested spores of 
Pestalozzia ; the doubly crested spores of 
Dilop hospora ; and the scarcely less sin- 
gular gelatinous coated spores of Cheiro~ 
spar a. In all cases the fructification is 
abundant, and the spores frequently ooze 
out in tendrils, or form a block mass 
above the spurious receptacle from which 
they issue.* 

Fia, is.—Merosponum Hotf- Torulacki. — In this order there seems 

vianni . 

at first to be a considerable resemblance 
toth oDematiei, except that the threads arc almost obsolete, and 
the plant is reduced to chains of spores, without trace of perithe- 
cium, investing cuticlo, or definite stroma. Sometimes the spores 
are simple, in other cases septate, and in Sporochima are at first 
produced in an investing cell. In most cases simple threads 
at length become septate, and are ultimately differentiated into 
spores, which separate ut the joints when fully mature. 

Ojiomaobi. — O f far greater interest are the Coniumyeetous 
parasites on living plants. The present order includes those in 
which the spore f is reduced to a single coll ; and here wo may 
observe that, although many of them are now proved to be 
imperfect in themselves, and only forms or conditions of other 
fungals, wo shall write of them here without regard to their 
duality. These originate, for the most part, within the tissues 
of living plants, and are developed outwards in pustules, which 
burst through the cuticle. The mycelium penetrates the inter* 

* Berkeley, M. J., “Introduction, Crypt. Bot. ,r p. S2£h 
f In the Camacei and Puccinicsi the term “ pseudosporc ’ would be much 
more accurate. 
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cellular passages, and may sometimes be found in parts of the 
plants where the fungus does not develop itself. There is no 
proper excipulum or peridium, and the spores spring direct 
from a more compacted portion of the mycelium, or from a 
cushion-like stroma of small cells. In 


Lecythea , the sub-globose spores are at ^/C/9 a 

first generated at the tips of short fYn © 

pedicels, from which they are ulti- 
matcly separated ; surrounding these 

spores arise a series of barren cells, J 

or cysts, which are considerably larger fig. i6.-Bamn Cysta and Pseudo- 
than the true spores, and colourless, spores of Uc y thea ' 


while the spores are of some shade of yellow or orange.* In 
Trickobasis, the spores are of a similar character, sub-globose, 
and at first pedicellate ; but there are no surrounding cysts, and 
the colour is more usually brown, al- 
though sometimes yellow. In Uredo , 
the spores are at first generated singly, 
within a mother cell ; they are globose, 
and either yellow or brown, without 
any pedicel. In Coleosporimv , there 
aro two kinds of spores, those of a 
pulverulent nature, glohoso, which are 
sometimes produced alone at the com- 
mencement of the season, and others Fig. ii.—Coieosportum Tmsiiaginit, 
which originate as an elongated cell ; Lev * 



this becomes septate, and ultimately separates at the joints. 
During the greater part of the year, both kinds of spores are to 
ho found in the same pustule. In 


Melampsora, the winter spores are 
elongated and wedge-shaped, com- 
pacted together closely, and aro only 
matured during winter on dead leaves ; 
the summer spores aro pulverulent 



Pig, IQ.—Melamysora salicina. 


and globose, being, in fact, what were until recently regarded 


* L6v<jitI6, “ Bar la Disposition M&ltodiqae des Ur&Lin&s,” in “ Ann. dea 
Sci. Nat.” (1847), vol. via. p. 369. 
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as species of Lecytliea. In Oy stop us, tlie spores are sub-globose* 
or somewhat angular, generated in a moniliform manner, and 
afterwards separating at the joints. The upper spore is always 
the oldest, continuous production of spores going on for some 
time at the base of the chain. Under favourable 
conditions of moisture, each of these spores, or 
comdia, as De Bary terms them, is capable of 
producing within itself a number of zoospores;* 
these ultimately burst the vesicle, move about by 
the aid of vibratile cilia, and at last settle down 
to germinate. Besides these, other reproductive 
bodies are generated upon the mycelium, within 
the tissues of the plant, in the form of globose 
oogonia, or resting spores, which, when mature, 
also enclose great numbers of zoospores. Similar 
oogonia are produced amongst the Mac alines in 
w,j the genus Pcronospora, to which De Bary con* 

|[L aiders Cyst opus to be closely allied. At all events, 

Via. 1 9— this is a peculiarity of structure and development 
candid^ not {lH y e fc me t w itU in any other of the Occam rtceu 

In Vromyces is the nearest approach to the Puecinicci ; in fact, 
it is Puccinia reduced to a single cell. The form of spore is 
usually more angular and irregular than in Trichobasis , and the 
pedicel is permanent. It may be remarked here, that of the 
foregoing genera, many of tlie species are not autonomous that 
have hitherto been included amongst them. This is especially 
true of Lecythea , Trichobasis , and, as it now appears, of 
pf'omyces.'f 

' Puccinis r. — This group differs from the foregoing chiefly in 
having septate spores. The pustules, or sari, break through 
the cuticle in a similar manner, and here also no true peridium 
is present. In Xenodoclim, the highest development of joints 
is reached, each spore being composed of an indefinite number, 
from ten to twenty colls. With it is associated an unicellular 


* De Bary, “Champignons Parasites,” in “ Ann. <lcs Sci. Nat.” 4 m <" sdr* voL xx. 
f Masne, <# M^moire sur lea Ur(idm<tes, in “Ann, 3es Sol Nat,” (1854)* 
vol* il p. 78. 
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yellow Uredine, of which it is a condition. Probably, in every 
species of the Puccinicdi , it may hereafter be proved, as it is 
now suspected, that an unicellular Uredine 
precedes or is associated with it, forming 
a condition, or secondary form of fruit 
of that species. Many instances of that 
kind have already been traced by De Bary,* 

Tulasne, and others, and some have been a 
little too rashly surmised by their followers. 

In Phragmidium , the pedicel is much more 
elongated than in XenodocJws, and the spore 
is shorter, with fewer and a more definite 
number of cells for each species ; Mr. Currey 
is of opinion that each cell of the spore in 
Phragmidium has an inner globose cell, fig. 20 — XenodocTm * car- 
which he caused to escape by rupture of the 6o/wnw ‘ 
outer cell wall as a sphoeroid nucleus, t leading to the inference 
that each cell has its own individual power of germination and 



reproduction. In Triphragmium , there are 
three cells for each spore, two being placed 
side by side, and one superimposed. In one 
species, however, Tripliragmmm deglubens 
(North American), the cells are arranged as 
in Phragmidium, so that this represents really 
a tricollular Phragmidium , linking the pre- 
sent with the latter gonus. In Puccinia 
the number of species is by far the most 
numerous ; in this genus the spores are uni- 
septate, and, as in all the Puccini a i, the 
peduncles are permanent. There is great 
variability in the compactness of the spores 
in the sori, or pulvinules. In some species, 
the sori are so pulverulent that the spores 



Fig 21 .—Phragmdiwm 
bulbo&um. 


arc as readily dispersed as in the Uredines, 

in others they are so compact as to be separated from each 


* Be Bary, “ Uebcr die Brandpilze,” Berlin, 1853, 

* f Currey, in “ Quart. Journ, Micr. 3ei.” (1857), vol. v. p. 119, pi. 8, fig. 1& 
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other with great difficulty. As might be anticipated, this ha% 
considerable effect on the contour of the spores, which in pul- 
verulent species are shorter, broader, and more ovate than in 

f the compact species. If a section of one of 
the more compact sori be made, it will be 
seen that the majority of the spores arc side 
by side, nearly at the same level, their apices 
forming the external surface of the sori, but 
it will not be unusual to observe smaller 
and younger spores pushing up from the 

Fia 22 pseudospores hymenial cells, between the peduncles of 

of Puccuua. the elder spores, leading to the inference 
that there is a succession of spores produced in the same pulvi- 
nnle. In Podisoma, a rather anomalous genus, the septate spoils 
are immersed in a gelatinous stratum, and some authors have 
imagined that they have an affinity with the Tromellini, hut 
this affinity is more apparent than real. The phenomena of 
germination, and their relations to PwsteUa, if substantiated, 
establish their claim to a position amongst the PucciuitsL * It 
seems to us that Gtjmvmporangium docs not differ goner i cal ly 
from Podisoma , In a rooonily-charaetcrissed species, Podisoma 
Ellkii , the spores arc bi-tri septate. This is, moreover, peculiar 
from the groat delieiency in the gelatinous clement. In another 
North American species, called Gjjmn osporangium hiseptatum, 
Ellis, which is distinctly gelatinous, there arc similar biseptato 
spores, but they are considerably broader and more obtuse. In 
other described species they are unisoptate. 

UsmAGfNKi. — These fungi aro now usually treated as distinct 
from the Qwomaoei, to which they are closely related. f They 
aro also parasitic on growing plants, but the spores aro usually 
black or sooty, and never yellow or orange ; on an average much 
smaller than in the Cmmacel In Tilled a, the spores aro 
spherical and reticulated, mixed with delicate threads, from 

* Cooke, “On PodiBoma,” iu “Journal of Quokott Microscopical Club,” vol. H. 
p. 255. 

t Maenc, u Memoir© sur lee UHtilagm^ey,’’ in “ Ann. dee Sci. Nat.” (1847), 
ru. pp. 12 and 73. 
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whence they spring. In the best known species, Tilletia caries , 
they constitute the u bunt ” of wheat. The peculiarities of 
germination will be alluded to hereafter. In Ustilago , the 
minute sooty spores are developed either on delicate threads 
or in compacted cells, arising first from a sort of semi-gelati- 
nous, grumous stroma. It is very difficult to detect any threads 
associated with the spores. The species attack the flowers and 
anthers of composite and polygonaceous plants, the leaves, 
culms, and germen of grasses, <fcc., and are popularly known as 
“ smuts.” In Urocystis and Thecaphora , the spores are united 
together into sub-globose bodies, form- 
ing a kind of compound spore. In 
some species of Urocystis , the union 
which subsists between them is com- 
paratively slight. In Thecaphora , on 
the contrary, the complex spore, or 
agglomeration of spores, is compact, FlG 2 s.—Thecaphom hyaiim. 
being at first apparently enclosed in a delicate cyst. In Tubur- 
cinia , the minute cells are compacted into a hollow sphere, 
having lacunas communicating with the interior, and often exhi- 
biting the remains of a pedicel. 

JEcimacet. — T his group differs from the foregoing three 
groups prominently in the presence of a cellular peridium, which 
encloses the spores ; hence some mycologists have not hesitated 
to propose their association with the 
Gastoromycetos, although every other 
feature in their structure seems to 
indicate a close affinity with tho 
Ccvomacei . The pretty cups in the 

genus JKcidmm are sometimes scat- 
tered and sometimes collected in clus- Pl °* *****•- 

tors, cither with spermogonia in the centre or on the opposite 
surface, Tho cups are usually white, composed of regularly 
arranged bordered cells at length bursting at the apex, with the 
margins turned back and split into radiating teoth. The spores 
arc commonly of a bright orange or golden yellow, sometimes 
whito or brownish, and are produced in chains, or mcmiliform 
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strings, slightly attached to each other,* and breaking off at the 
summit at the same time that they continue to be produced at 
the base, so that for some time there is a successive production 
of spores. The spermogonia are not always readily detected, as 
they are much smaller than the peridia, and sometimes precede 
them. The spermatia are expelled from the lacerated and 
fringed apices, and are very minute and colourless. In Roestelia 
the peridia are largo, growing in company, and splitting longi- 
tudinally in many cases, or by a lacerated mouth. In most in- 
stances, tho spores are brownish, but in a splendid species from 
hTorth America (Rccstelia aurantiaca , Peck), recently charac- 
terized, they are of a bright orange. If (Ersted is correct in 
his observations, which await confirmation, these species are all 
related to species of JPodisoma as a secondary form of fruit.f 
In the Rmtelia of the pear-tree, as well as in that of tho moun- 
tain ash, the spermogonia will be found either in separate tufts 
on discoloured spots, or associated with tho Rmtelia . In Pm- 
derminm there is very little structural difference from Rmtclia, 
and the species aro all found on coniferous trees# In JUndo - 
ph/llum, tho peridia are immersed in tho succulent substance of 
tho matrix j whilst in Grcqrftiola, there is a tougher and withal 
double peridium, tho inner of which form a tuft of erect threads 
resembling a small brush. J 

Htpiiomycetes. — T he predominant feature in tho structure of 
this order has already been intimated to consist in the develop- 
ment of tho vegetative system under the form of simple or 
branched threads, on which tho fruit is generated. Tho common 
name of mould is applied to them perhaps more generally than 
to other groups, although tho term is too vague, and has been 
too vaguely applied to be of much service in giving an idea of 
tbo characteristics of this order. Leaving the smaller groups, 
and confining ourselves fco the Dematici and tho Mucedines, wo 

* Oorrta, “ Tconcs Fungorum,” vol. iil fig. 45, 

+ Cooko, “ On Podiwoma,” in a Quekott Journal/* vol. ii. p, 255, 

| It may ho a question whether 6 rapfuu/a is not more nearly allied to 
Trichocama (Jungb FI. Crypt. Java*, p. 10, f. 7) than to the genera with which 
It Is usually associated. — M. J, B, 
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shall obtain some notion of the prevalent structure. In the 
former the threads are more or less carbonized, in the latter 
nearly colourless. One of the largest genera in Dematiei is 
Ilelmin th osporitm . It appears on decaying herbaceous plants, 
and on old wood, forming effused black velvety patches The 
mycelium, of coloured jointed threads, overlays and penetrates the 
matrix ; from this arise erect, rigid, and usually jointed threads, 


of a dark brown, nearly black colour 

at the base, but paler towards the jf § 

apex. In most cases these threads w W 

have an externally cortical layer, Af \ 

which imparts rigidity ; usually from ft (I 

the apex, but sometimes laterally, the L |0 | 

spores are produced. Although some- v\ SI rj U 

times colourless, these are most com- 0 n m 

monly of some shade of brown, more w V\ U J3m 

or less elongated, and divided trans- * fs SrM 

versely by few or many septa. In 0 U 

Helminthosporium SmitJiii , the spores a l if u 

much exceed the dimensions of the H U S (\ ft Wf 

threads;* in other species they are H n i vl 

smaller. In Dendryphium , the threads UjpA H B m 

and spores are very similar, except W 

that the threads are branched at their o jw&j y| M 

apox, and the spores are often pro- B M Jr |k|| 1 

duced one at the end of another in a v fi; M § 1J| I 

short chain.f In Septosporium again, f 

the threads and spores are similar, but m ? 

the spores are pedicellate, and at- Fl0 . 2S ._ mmmtlmponum molu . 
tachod at or near the base ; whilst in 


Aarothecimn , with similar threads and spores, the latter are 
clustered together at the apox of the threads. In Triposporium, 
the threads arc similar, but the spores are tri-radiate ; and in 
Hdicoma, the spores arc twisted spirally. Thus, we might pass 


* Cooke, “On Microscopic Moulds,” in “ Quekett Journal,” vol. ii. plate 7. 
f Urn “ Dendryphium Fumosum,” in “ Quekett Journal,” vol. ii, plate 8; or, 
“ Corda l^achtflora,” plate 22. 
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through, all the genera to illustrate this chief feature of coloured, 
septate, rather rigid, and mostly erect threads, hearing at some 

point spores, which in most in- 
stances are elongated, coloured, 
and septate. 

Mucjbuines. — Here, on the other 
hand, the threads, if coloured et 
all, are still delicate, more fiexuous, 
with much thinner walls, and never 
invested with an external cortical 
layer. One of the most important 
and highly developed genera is 
FvronoHporct, the members of which 
Pm. 2*>, -AuuthiH'tum simple?. aro parasitic upon and destructive 
of living vegetables. It is to this genus that the mould of the 
too famous potato disease belongs. Professor De Bary has done 
more than any other mycologist in the investigation and eluci- 
dation of this genus ; and his mono- 
graph is a masterpiece in its way.* 
He was, however, preceded by Mr. 
Berkeley, and more especially by Dr. 
Montague, by many years in eluci- 
dation of the structure of the flocei 
and conidia in a number of species.f 
In tins genus, there is a delicate 
mycelium, which penetrates tho in- 
tercellular passages of living plants, 
giving rise to erect branched 
threads, which bear at the tips of 
their ultimate ramuli, sub-globose, 
ovate, or elliptic spores, or, as Do 
Bary terms them-— conidia. Deeply seated on tho mycelium, 
within tho substance of tho foster plant, other reproductive 
bodies, called oogonia, originate. These aro spherical, more or 

* De Bary, ** Champignons Parasites,” in “Ann. des Sci« Nat.” sSr, vol xx. 
f Berkeley, “On the Potato Murrain,” in “ Journ. of Hort. Boo. of- London,” 
vol L (1846), p, 0. 
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less warted and brownish, tlie contents of which "become dif- 
ferentiated into vivacious zoospores, capable, when expelled, of 
moving in water by the aid of vibratile cilia. A similar struc- 
ture has already been indicated in Cystopus, otherwise it is rare 
in fungi, if the Saprolegniei be excluded. In Botrytis and in 
Polyaetis , the flocci and spores are similar, but the branches of 
the threads are shorter and more compact, and the septa are 
more common and numerous ; the oogonia also are absent. De 
Bary has selected Polyactis drier ea, as it occurs on dead vine 
leaves, to illustrate his views of the dual- 
ism which he believes himself to have 
discovered in this species. “ It spreads 
its mycelium in the tissue which is becom- 
ing brown,” he writes, “ and this shows 
at first essentially the same construc- 
tion and growth as that of the mycelium 
filaments of Aspergillus .” On the my- 
celium soon appear, besides those which 
are spread over the tissue of the leaves, 
strong, thick, mostly fasciculate branches, 
which stand close to one another, break- 
ing forth from the leaf and rising up per- 
pendicularly, the eonidia-bearers. They 
grow about 1 mm. long, divide them- 
selves, by successively rising partitions, 
into some prominent cylindrical linked 
cells, and then their growth is ended, 
and the upper cell produces near its 
point three to six branches almost stand- Fl0, a 21 
ing rectangularly. Of these the under 
ones are the longest, and they again shoot forth from under 
their ends one or more still shorter little branches. The 
nearer they are to the top, the shorter are the branches, and' 
less divided ; the upper ones are quite branchless, and their 
length scarcely exceeds the breadth of the principal stem. Thus 
a system of branches appears, upon which, on a small scale, a 
bunch of grapes is represented. All the twigs soon end their* 
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growth ; they all separate their inner space from the principal 
stem, by means of a cross partition placed close to it. All the 
ends, and also that of the principal stem, swell about the same 
time something like a bladder, and on the upper free half of 
each swelling appear again, simultaneously, several fine pro- 
tuberances, close together, which quickly grow to little oval 
bladdors filled with protoplasm, and resting on their bearers 
with a sub-sessile, pedicellate, narrow basis, and which at length 
separate themselves through a partition as in Aspergillus. The 
detached cells are the eonidia of our fungus ; only one is formed 
on each stalk. When the formation is completed in the whole 
of the panicle, the little branches which compose it are de- 
prived of their protoplasm in favour of the eonidia ; it is the 
same with the under end of the principal stem, the limits of 
which are marked by a cross partition. The delicate wall of 
those parts shrinks up until it is unrecognizable ; all the eonidia 
of the panicle approach one another to form an irregular grape- 
liko bunch, which rests loosely on the bearer, and from which 
it easily falls away as dust. If they be brought into water they 
fall off immediately; only the empty, shrivelled, delicate skins 
are to bo found on the branch which bore them, and the places 
on which they arc fixed to the principal stem clearly appear as 
round circumscribed liilums, generally rather arched towards 
the exterior. The development of the main stem is not ended 
here. It remains solid and filled with protoplasm as far as the 
portion which forms the end through its eonidia. Its end, 
which is to bo found among these pieces, becomes pointed after 
the ripening of the first panicle, pushes the end of the shrivelled 
member on one side, and grows to the same length as the 
height of one or two panicles, and then remains still, to form a 
second panicle similar to the first. This is later equally per* 
foliated as the first, then a third follows, and thus a large 
number of panicles are produced after and over one another on 
the same stem. In perfect specimens, every perfoliated panicle 
hangs loosoly to its original place on the surface of tho stem, 
until by shaking or tho access of water to it, it falls immediately 
into the single eonidia, or the remains of branches, and the 
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already-mentioned oval hilums are left behind. Naturally, the 
stem becomes longer by every perfoliation ; in luxuriant speci- 
mens the length can reach that of some lines. Its partition is 
already, by the ripening of the first panicle from the beginning 
of its foundation, strong and brown ; it is only colourless at the 
end which is extending, and in all new formations. During all 
these changes the filament remains either unbranched, except 
as regards the transient panicles, or it sends out here and there, 
at the perfoliated spots, especially from the lower ones, one 
or two strong branches, standing opposite one another and 
resembling the principal stem. 

The mycelium, which grows so exuberantly in the leaf, often 
brings forth many other productions, which are called sclerotia , 
and are, according to their nature, a thick bulbous tissue of 
mycelium filaments. Their formation begins with the profuse 
ramification of the mycelium threads in some place or other ; 
generally, but not always, in the veins of the leaf; the inter- 
twining twigs form an uninterrupted cavity, in which is often 
enclosed the shrivelling tissue of the leaf. The whole body 
swells to a greater thickness than that of the leaf, and protrudes 
on tho surface like a thickened spot. Its form varies from 
circular to fusiform; its size is also very unequal, ranging 
between a few lines and about half a millimetre in its largest 
diameter. At first it is colourless, but afterwards its outer 
layors of cells become round, of a brown or black colour, and it 
is surrounded by a black rind, consisting of round cells, which 
separate it from the neighbouring tissue. The tissue within the 
rind remains colourless ; it is an entangled uninterrupted tissue 
of fungus filaments, which gradually obtain very solid, hard, 
cartilaginous coats. Tho sclerotium, which ripens as the rind 
becomes black, loosens itself easily from the place of its forma- 
tion, and remains preserved after the latter is decayed. 

The sclerotia are, here as in many other fungi, biennial 
organs, designed to begin a new vegetation after a state of 
apparent quietude, and to send forth special fruit-bearers. They 
may in this respect be compared to the bulbs and perennial 
roots of under shrubs* The usual time for the development of 
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the sclerotia is late in the autumn, after the fall of the vine 
leaves. As long as the frost does not set in, new ones continu- 
ally spring up, and each one attains to ripeness in a few days. 
If frost appears, it can lie dry a whole year, without losing 
its power of development. This latter commences when the 
selerotium i3 brought into contact with damp ground during 
the usual temperature of our warmer seasons. If this occur 
soon, at the latest some weeks after it is ripe, new vegetation 
grows very quickly, generally after a few days ; in several parts 
the colourless filaments of the inner tissue begin to send out 
clusters of strong branches, which, breaking through the black 
rind, stretch themselves up perpendicularly towards the surface, 
separate from one another, and then take 
all the characteristics of the conidia-bearers. 
Many such clusters can bo produced on one 
selerotium, so that soon the greater part of 
the surface is covered by filamentous conidia- 
bearers with their panicles. The colourless 
tissue of the selerotium disappears in the 
same degree as the conidia-bearers grow, 
and at last the black rind remains behind 
empty and shrivelled. If wo bring, after 
many months, for the first time, the ripe 
selerotium, in damp ground, in summer or 
autumn, after it has ripened, the further 
development takes place more slowly, and 
m essentially different form. It is true 
ruua. ’ that from the inner tissue numerous fila- 

mentous branches shoot forth at the cost of this growing 
fascicle, and break through the black rind, but its filaments 
remain strongly bound, in an almost parallel situation, to a 
cylindrical cord, which for a time lengthens itself and spreads 
out its free end to a flat plate-like disc. This is always formed 
of strongly united threads, ramifications of the cylindrical cord. 
On the free upper surface of the disc, the filaments shoot forth 
innumerable branches, which, growing to the same height, thick 
and parallel with one another, cover the before-named disc. 
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Some remain narrow and cylindrical, are very numerous, and 
produce fine hairs (paraphyses) ; others, also very numerous, take 
the form of club-like ampulla cells, and each one forms in its 
interior eight free swimming oval spores. Those ampulla colls 
are sporidiiferous asci. After the spores have become ripe, the 
free point of the ntricle bursts, and the spores are scattered to a 
great distance by a mechanism which we will not here further 
describe. New ampullas push themselves between those which 
are ripening and withering ; a disc can, under favourable circum- 
stances, always form new asci for weeks at a time. The num- 
ber of the already described utricle-bearers is different, accord- 
ing to the size of the sclerotium ; smaller specimens usually 
produce only one, larger two to four. The size is regulated 
by that of the sclerotia, and ranges, in full-grown specimens, 
between one and more millimetres for the length of the stalk, 
and a half to three (seldom more) millimetres for the breadth of 
the disc.* For some time the conidia form, belonging to the 
Muce dines, has been known as Botrytis cinerca (or Bolyaetis 
cinerea). The compact mycelium, or sclerotium, as an im- 
perfect fungus, bore the name of Sclerotium ecMnatum, whilst to 
the perfect and cup-like form has been given the name of Bezizct 
Buclceliana . We have reproduced De Bary’s life-history of this 
mould here, as an illustration of structure in the Mucedines , but 
hereafter we shall have to write of similar transformations when 
treating of polymorphism. 

The form of the threads, and the form and disposition of the 
spores, vary according to the genera of which this order is com- 
posed. In Oidimn the mostly simple threads break np into 
joints. Many of the former species aro now recognized as con- 
ditions of Brysiphe - In Aspergillus , the threads are simple and 
orcct, with a globose head, around which are clustered chains of 
simple spores. In Benicillimn, the lower portion of the threads is 
simple, but they are shortly branched at the apex, the branches 
being terminated by necklaces of minute spores. In Dactylium , 

* Re Bary, “ On Mildew and Fermentation,’' p, 25, reprinted from “ German 
Quarterly Magazine,” 1872; Be Bary, “ Morphologie nnd Physiologie dor 
Pike,” (1866), 201 
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the threads are bran died, but the spores are collected in clusters 
usually, and are moreover septate. In other genera similar 
distinctions prevail. These two groups of black moulds and 
white moulds are the noblest, and contain 
the largest number of genera and species 
amongst the Hypliomycetes There is, how- 
ever, the small group of Isariacei, in which 
the threads are compacted, and a semblance 
of such hymenomycetal forms as Clavaria 
and Pferula is the result, but it is doubtful 
if this group contains many autonomous 
species. In another small group, the Shi- 
lactic there is a composite character in the 
head, or receptacle,* and in the stem when 
the latter is present. Many of these, again, 
as Tubrrcithtria, VohUella , Fusarium, &e., 
contain doubtful species. In Sepadonici and 
Fin. w --Vnurtitnuit thor- Trichodcrmacn^ihoi threads are reduced to a 

tat' inn, Cooke . , , it 

minimum, and the spores are such a dis- 
tinctive element that through these groups the llyphomyeetes 
are linked with the Caniomyecten . These groups, however, are not 
of sufficient size or importance to demand from us, m a work of 
this character, anything more than the passing allusion which 
we have given to them. 

We como now to consider the structure in the Sporidiifcra, in 
which tho fructifying corpuscles or germs, whether called spores 
or spnridia, are generated within certain privileged cysts, usually 
in definite numbers. In systematic works, these arc included 
under two orders, tho Physomycetes and the Axcomycetes. Tho 
former of these consists of cyst-bearing moulds, and from their 
nearest affinity to the foregoing will occupy the first place. 

Pkysgmyoktes include, especially amongst the Mucorini , many 
most interesting and instructive species for study, which even 
very lately have occupied the attention of continental mycolo- 
gists, Most of those phenomena are associated more or less 
with reproduction, and as such will have to ho adverted to again, 
* Cooke, “ Handbook of British Fungi,” vol ii. p. 552* 
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form particular, often tun-like or globular cells ; tlie longer ones 
are changed, through the formation of cross partitions, into 
chains of similar cells ; the latter often attain by degrees strong, 
thick walls, and their greasy contents often pass into innumerable 
drops of a very regular globular form and of equal size. Similar 
appearances show themselves after the sowing of spores, which 
are capable of germinating in the medium already described, 
from which the air is excluded. Either short germinating 
utricles shoot forth, which soon form themselves into rows of 
gemmules, or the spores swell to large round bladders filled 
with protoplasm, and shoot forth on various parts of their 
surface innumerable protuberances, which, fixing themselves 
with a narrow basis, soon become round vesiculate cells, and on 
which the same sprouts which caused their production are re- 
peated, formations which remind us of the fungus of fermenta- 
tion called globular yoast. Among all the known forms of 
gemmules we find a variety which are intermediate, all of which 
show, when brought into a normal condition of development, 
the same proportion, and the same germination, as those we first 
described. 

We have detailed rather at length the structure and develop- 
ment of one of the most common of the Mucors, which will 
servo as an illustration of the order. Other distinctions there 
may be which aro of more interest as defining the limits of 
genora, except such as may be noticed when we come to writ© 
more specially of reproduction. 

Ascomycetes. — Passing now to the Asconvycetes , which are 
especially rich in genera and species, we must first, and but super- 
ficially, allude to Tuberacei , an order of sporidiiferous fungi of 
subterranean habit, and rather peculiar structure.* In this order 
an external stratum of cells forms a kind of perithecium, wkich 
is more or less developed in different genera. This encloses the 
hymenium, which is sinuous, contorted, and twisted, often forming 
lacunae. The hymenium in some genera consists of elongated, 
nearly cylindrical asci, enclosing a definite number of sporidia ; 
in the true traffics and their immediate allies, the asci are broad 
* Vittadiai, “ Monographia Tuberacearum,” 1881. 
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sacs, containing very large and beautiful, often coloured, sporidia. 
These latter have either a smooth, warted, spinulose, or lacunose 
epispore, and, as will be seen from the figures in Tulasne’s 
Monograph, * or those in the last volume of Corda’s great work,+ 
are attractive microscopical objects. In some cases, it is not 
difficult to detect paraphyses, but in others they would seem to 
be entirely absent. A comparatively largo number have been 
discovered and recorded in Great Britain, J but of these none 
are more suitable for study of general structure than the ordi- 
nary trufile of the markets. 

Tho structure of the remaining Ascomycetes can be studied 
under two groups, i.e the fleshy Ascomycetes, or, as they have 
been termed, tho T)iscomycetes, and the hard, or carbonaceous Asco- 
mycetes, sometimes called the Pyrenomycctes. Neither of these 
names gives an accurate idea of the distinctions between the two 
groups, in the former of which the discoid form is not universal, 
and the latter contains somewhat fleshy forms. But in tho Dis- 
comycctcs the hymenium soon becomes more or less exposed, 
and in tho latter it is enclosed in a perithecium, Tho Discomy- 
ceies arc of two kinds, the plicate and the cup-shaped. Of the 
plicate such a genus as Qyromitra or Hd Delia is, in a certain 
sense, analogous to the Agarics amongst TZyme?iomj/cete,% with a 
superior instead of an inferior hymenium, and enclosed, not 
naked, spores. Again, Geoglomm is somewhat analogous to 
Clavaria, Amongst tho cup-shaped, JPezkn is an Asoomycetous 
Oj/phella, But these are perhaps more fanciful than real 
analogies. 

Recently Boudior has examined one group of tho cup-shaped 
Discomycetes, tho A toehold , and, by making a somewhat free use 
of his Memoir, § wo may arrive at a general idea of tho struc- 
ture in the cupulato Discomycotes. They present themselves at 

* Tulasne, “Fungi Hypogixsi,” 1851. 

f Corda, “ Iconca Fuitgorum,” vol. vi. 

$ Berkeley and Broome, in “Ann. of Nat. Hist.'’ Istser. vol. xvKi, (1846), 
p. 78 ; Oooke, in “Seem. Jmirn. Rot.” 

g Bawdier (&}, “Mfonoire smr los AsoobolGs,” in “Ann. ta Sci. Nat.'* 5 1 ®* 

«&r, vol. x (I860). 
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first under tlie form of a small rounded globule, and almost 
entirely cellular. This small globule, the commencement 
of the receptacle, is not long in increasing, preserving its 
rounded form up to the development of the asci. At this 
period, under the influence of the rapid growth of these organs, 
it soon produces at its summit a fissure of the external mem- 
brane, which becomes a more marked depression in the mar- 
ginate species. The receptacle thus formed increases rapidly, 
becomes plane, more convex, or more or less undulated at the 
margin, if at all of large size. Fixed to the place where it is 
generated by some more or less abundant mycelioid filaments, the 
receptacle becomes somewhat cup-shaped and either stipitate or 
sessile, composed of the receptacle proper and the hymenium. 

The receptacle proper comprehends the subhymenial tissue, 
the parenchyma, and the external membrane. The subhymenial 



Fro. S3.— Section of cup of Ascobolus. a. External colls, b. Secondary layer. <?. Sub- 
Ryracnial tissue (Janozonski). 

tissue is composed of small compact cells, forming generally 
a more coloured and dense stratum, the superior cells of which 
give rise to the asci and paraphyses. The parenchyma is seated 
beneath this, and is generally of interlaced filaments, of a looser 
consistency than the preceding, united by intermediate cellules. 
The external membrane, which envelopes the parenchyma, and 
limits the hymenium, differs from the preceding by the cells 
often being polyhedric, sometimes transverse, and united to- 
gether, and sometimes separable. Externally it is sometimes 
smooth, and sometimes granular or hairy. 
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The hymenium is, however, the most important part, con- 
sisting of (1) the paraphyses, (2) the asci, and sometimes (3) 
an investing mucilage. The asci are always present, the para- 
physes are sometimes rare, and the mucilage in many cases 
seems to be entirely wanting. 

The paraphyses, which are formed at the first commencement 
of the receptacle, are at first very short, but soon elongate, and 
become wholly developed before the appearance of the asci. 
They are linear, sometimes branched and sometimes simple, 
often more or less thickened at their tips ; almost always they 
contain within them some oleaginous granules, either coloured or 
colourless. Their special function seems still somewhat obscure, 
and Boudior suggests that they may be excitatory organs for 
tho dehiscence of the asci. However this may he, some mycolo- 
gists arc of opinion that, at least in some of tho Ascomyeetes, 
the paraphyses aro abortive asci, or, at any rate, that abortive 
asci mixed with tho paraphyses cannot be distinguished from 
them. 

Tho mucilage forms itself almost at tho same time as the 
paraphyses, and previous to tho formation of tho asci. This 
substance appears as a colourless or yellowish mucilage, which 
envelopes tho paraphyses ami usei, and so covers tho hymenium 
with a sliming coat. 

Tho asci appear first at the base of tho paraphyses, under the 
form of oblong cells, filled with colourless protoplasm. By rapid 
growth, they soon attain a considerable size and fulness, the 
protoplasm being gradually absorbed by the sporidia, tho first 
indication of which is always the central nucleus. The mucilage 
also partly disappears, and tho asci* attaining their maturity, 
become quite distinct, each enclosing its sporidia. But before 
they take their complete growth they detach themselves from 
the subhy menial tissue, and being attenuated towards their base, 
aro forced upwards by pressure of tho younger asci, to, and in 
some instances beyond, tho upper surface of the disc. This 
phenomenon commences during tho night, and continues during 
the night and all the morning. It attains its height at mid-day, 
and it is then that the slightest breath of air, tho slightest 
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movement, suffices to cause dehiscence, which is generaHy 
followed by a scarcely perceptible contractile motion of the 
receptacle. 

There is manifestly a succession in formation and maturity of 
the asci in a receptacle. In the true Ascobolei , in which the 
sporidia are coloured, this may be more dis- 
tinctly seen. At first some thin projecting 
points appear upon the disc, the next day 
they are more numerous, and become more 
and more so on following days, so as to 
render the disc almost covered with raised 
black or crystalline points ; * these after- 
wards diminish day by day, until they ulti- 
mately cease. The asci, after separation 
from the subhymenial tissue, continue to 
lengthen, or it may be that their elasticity 
permits of extension during expulsion. 

Boudier considers that an amount of elas- 
ticity is certain, because he has seen an 
ascus arrive at maturity, eject its spores, 
and then make a sharp and considerable 
movement of retraction, then the ascus re- 
turned again immediately towards its pre- 
vious limits, always with a reduction in the 
number of its contained sporidia. 

The dehiscence of the asci takes place in 
the Ascobolei , in some species of Peziza f 
Mcrchella, Melvella , and Verpa , by means 
of an apical operculum, and in other PezizcB , 

Rdothm, Geoglossum, Leo Ha, Mitrula , &c., an d IG pitpiyS 
by a fissure of the ascus. This operculum bolu * (Boudier) ' 
may be the more readily seen when the ascus is coloured by a 
drop of tincture of iodine. 

The sporidia are usually four or eight, or some multiple of 
that number, in each ascus, rarely four, most commonly eight. 
At a fixed time the protoplasm, which at first filled the asci, dis- 
* Only in some of the Discomyeetes are the asci exserted. 
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appears or is absorbed in a mucilaginous matter, which occupies 
its place, in the midst of which is a small nucleus, which is the 
rudiment of the first spore; other spores are formed consecutively, 
and then the substance separates into as many sections as there 
are sporidia. From this period each sporidium seems to have a 
separate existence. All have a nucleus, which is scarcely visible, 
often slightly granular, but which is quite distinct from the 
oleaginous sporidioles so frequent amongst the Discomycetes, 
and which are sometimes called by the same name. The spori- 
dia are at first a little smaller than when mature, and are sur- 
rounded by mucilage. After this period the sporidia lose their 
nebulous granulations, whilst still preserving their nucleus ; their 
outlines are distinct, and, amongst the true Ascobolei , commence 
acquiring a rosy colour, the first intimation of maturity. This 
colour manifests itself rapidly, accumulating exclusively upon 
the epispore, which becomes of a deep rose, then violet, and 
finally violet blue, so deep as sometimes to appear quite black. 
There are some modifications in this coloration, since, in some 
specios, it passes from a vinous red to grey, then to black, or 
from rose-violet to brown. 

The epispore acquires a waxy consistence by this pigmenta- 
tion, so that it may be detached in granules. It is to this parti- 
cular consistency of the epispore that the cracks so frequent in 
the coloured sporidia of Aseobolus arc due, through contraction 
of the epispore. As they approach maturity, the sporidia accu- 
mulate towards the apex of the asci, and finally escape in tho 
manner already indicated. 

In all essential particulars there is a great similarity in the 
structure of the other Discomycetes, especially in their reproduc- 
tive system. In most of them coloured sporidia are rare. In 
some the receptacle is pileato, clavato, or inflated, whilst in 
Stictis it is very much reduced, and in the lowest form of all, 
Aecomyces, it is entirely absent. In the Ehacidiacei, the struc- 
ture is very similar to that of the Elvellacei , whilst the R yste- 
riacei, with greater affinities with the latter, still tend towards 
the J?yrewmyoete$ by the more horny nature of tho receptacle, 
•and the greater tendency of the hymenium to remain closed, at 
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least when dry. In some species of JSysterium , the sporidia are 
remarkably fine. M. Duby* has subjected this group to ex- 
amination, and M. Tnlasne partly so.f 
Spmriacei. — In this gronp there is considerable variation, 
within certain limits. It contains an immense number oi 
species, and these are daily being augmented. The general 
feature in all is the presence of a perithecium, which contains 
and encloses the hymenium, and at length opening by a pore 
or ostiolum at the apex. In some the perithecia are simple, in 
others compound ; in some immersed in a stroma, in others 
free ; in some fleshy or waxy, in others carbonaceous, and in 
others membranaceous. But in all there is this important dif- 
ference from the Ascomycetes we have already had under con- 
sideration, that the hymenium is never exposed. The perithe- 


cium consists usually of an external 
layer of cellular structure, which is 
either smooth or hairy, usually black- 
ish, and an internal stratum of less 
compact cells, which give rise to the 
hymenium. 

As in the Discomycetes , the hyme- 



Fig 35.— Perithecium of Sphcsna 
and Section 


nium consists of asci, paraphyses, and mucilage, but the whole 


forms a less compact and more gelatinous mass within the peri- 


fcheciura. The formation and growth of the asci and sporidia 


differ little from what we have described, and when mature the 


asci dehisce, and the sporidia alone are ejected from the ostiolum. 
We are not aware that operculate asci have yet been detected. 
It has been shown in some instances, and suspected in others* 
that certain moulds, formerly classed with Mucedines and JOema - 
tieiy especially in the genus HelmintJiosporiim , hear the conidia 
of species of Sphceria, so that this may be regarded as one form 
of fruit. 


Perithecia, very similar externally to those of Sphmria , but 
containing spores borne on slender pedicels and not enclosed in 
asci, have had their relations to certain species of Sphmria iadir 


* Duby, <{ M4naoire sur la Tribu des Hy$terhi£es,” 1861. 
f Tuiasne, u Seleeta Fungorum Carpologia,” vol. iii. 
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catecl, and these are no longer regarded so rmicli as species of 
Hendersonia or Diplodia as the pycnidia of Sphceria, Other and 
more minute perithecia, containing minute, slender stylospores in 
great numbers, formerly classed with Apospharia , Phoma, &c., but 
arc now recognized ns spermogonia containing the spermatia of 
SpJicerifr. How these influence each other, when and under 
what circumstances the spermatia are instrumental in impregna- 
tion of the sporidia, is still matter of mystery. It is clear, how- 
ever, that in all these comdia, macrospores, micx'ospores, and 
some spermatia, or by whatever names they may be called, there 
exists a power of germination. Tulasne has indicated in some 
instances fire or six forms of fruit as belonging to one fungus, 
of which the highest and most perfect condition is a species of 
SpJt&riu. 

Pekispoiiiacll — Except in the perithecia rupturing irregularly, 
and not dehiscing by a pore, some of 
the genera in this group differ little in 
struct nre from the Splaeriacei. On the 
other hand, the 2£ry$ipkei present impor- 
tant and very interesting features. They 
occur chiefly on the green parts of grow- 
ing plants. At first there is a more or 
less profuse white mycelium.* This 
gives rise to chains of conidia ( Oidium ), 
and afterwards small sphmroid projections appear at certain 
points on tho mycelium. Those enlarge, take an orange colour, 
ultimately passing into brown, and then nearly black. Exter- 
nally those perithecia are usually furnished with long, spreading, 
intertwined, or branching appendages, sometimes beautifully 
branched or hooked at their tips. In the interior of the recep- 
tacles, pear-shaped or ovate asci are-formed in clusters, attached 
together at the base, and containing two or more hyaline 
sporidia. Other forms of fruit have also been observed on 
the same mycelium. In an exotic genus, Meliola , tho fulcra, or 
appendages, as woll as the mycelium, are black, otherwise it 

* Tulasne, “Selecta Fungorum Carpologia,” vol, i. “ Organisation, 

&c., sur rfirysiphS,” in u Ann. des Sol Nat,” (1851), vol, *v. p. 109. 
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is very analogous to such a germs of _E 'rysiphei as Microspfteeria. 
In Chceiomium , the perithecia bristle with rigid, dark-coloured 
hairs, and the sporidia are coloured. Our limits, however, will 
not permit of further elucidation of the complex and varied 
structure to be found amongst fungi.* 


* Other works besides those already cited, which may be consulted with 
advantage on structure, are — 

Tulasne, L. It. and C., various articles in “Annales des Sciences Naturelles,” 
•&4rie iii. and iv. 

Hoffmann, * ‘ leones Analytic® Fungorum . 9 

Be Bary, “Ber Ascomyceten.” Leipzic, 1863. 

Berkeley, M. J., ££ Introduction to Cryptogamic Botany. 0 

Seynes, J. de, “ Recherches, &c., des Fistulines.” Paris, 1874. 

Winter, 0., ££ Die Deutschon Sordarien.” 1874. 

Corda, J., {t Prachtflora.” Prague, 1840. 

Be Bary, “ Ubcr der Biandpilze.” 1853. 

Brefeld, 0., “Botan. Untersuch. u Schimmelpilze.” 

Frosemus, 0., “Beitiage zur Mykologie.” 1850. 

Von Tieghem and Lo Monnier, in “ Annales des Sciences Naturelles” (1873), 
p. 335. 

Oomu, M., <£ Sur les Saprolegniees,” in “Ann. des Sci. Nat,” 5 me s4r. xv. 
p. 5. 

Janczenski, ££ Sur TAscobolus furfuraceus,” in £< Ann. des Sci. Nat.” 5™* 
edr. xv. p. 200. 

Be Bary and Woronin, “Beitriige zur Morphologie und Physiologic der Pilze,” 
1870. 

Bonorden, H. F., “ Abhandlungen ans dem 0ebiete der Mykologie.” 185-4. 

Coemans, E., “Spicitege Mycologique.” 1862, etc# 
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CLASSIFICATION. 

A work of this kind could not be considered complete wltl out 
somo account of the systematic arrangement or classification 
which these plants receive at the hands of botanists* It would 
hardly avail to enter too minutely into details, yet sufficient 
should be attempted to enable the reader to comprehend the 
value and relations of the different groups into which fungi are 
divided. The arrangement generally adopted is based upon 
the “ Systema Mycologicum 99 of Fries, as modified to meet the 
requirements of more recent microscopical researches by Berkeley 
in his “ Introduction/** and adopted in Lindlcy’s “Vegetable 
Kingdom/* Another arrangement was proposed by Professor 
do Bary,f but it has never met with general acceptance* 

In the arrangement to which we have alluded, all fungi are 
divided into two primary sections, having reference to the mode 
in which the fructification is produced. In one section, the 
spores (which occupy nearly the sumo position, and perform 
similar functions, to the seeds of higher plants) are naked ; that 
is, they arc produced on spicules, and are not enclosed in cysts 
or capsules. This section is called Sfokifera, or spore-bearing, 
because, by general consent, the term spore is limited in fungi 
to such germ-cells as are not produced in cysts. The second 
section is termed SrommiFERA, or sporidia-bcaring, because in 
like manner the term sporidia is limited to such germ-cells as 

* Bev. M. «T. Berkeley, “Introduction to Cryptogaraic Botany” (1857), Lon* 
don, pp. 285 to 872. 

i De Bary, in “ Streim Nomendator Fungorum/’ p. 722. 
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are produced in cells or cysts. These cysts are respectively 
known as sporangia , and asci or theoco . The true meaning and 
value of these divisions will be better comprehended when we 
have detailed the characters of the families composing these two 
divisions. 

First, then, the section Spokifera contains four families, in two 
of which a hymcnium is present, and in two there is no proper 
hymenium. The term hymenium is employed to represent a 
more or less expanded surface, on which the fructification is 
produced, and is, in fact, the fruit-bearing surface. When no 
such surface is present, the fruit is borne on threads, proceeding 
direct from the root-like filaments of the mycelium, or an inter- 
mediate kind of cushion or stroma. The two families in which 
an hymenium is present are called Hymenomycetes and Gastero - 
mycetes . In the former, the hymenium is exposed ; in the latter, it 
is at first enclosed. We must examine each of these separately. 

The common mushroom may be accepted, by way of illustra- 
tion, as a type of the family Hymenomycetes , in which the 
hymenium is exposed, and is, in fact, the most noticeable 
feature in the family from which its name is derived. The 
pileus or cap boars on its undor surface radiating plates or gills, 
consisting of the hymenium, over which are thickly scattered 
the basidia, each surmounted by four spicules, and on each 
spicule a spore. When mature, these spores fall freely upon tho 
ground beneath, imparting to it the general colour of the spores. 
But it must be observed that the hymenium takes the form of 
gill-plates in only ono order of Hymenomycetes , namely, tho 
Agaricini; and here, as in Oantharellm , the hymonium is some- 
times spread over prominent veins rather than gills. Still 
further divergence is manifest in the Poly pore in which order 
tho hymenium lines tho inner surface of pores or tubes, which 
are normally on the under side of the pileus. Both these orders 
include an immense number of species, the former more or less 
fleshy, tho latter moro or less tough and leathery. There are 
still other forms and ordors in this family, as the Hydnei , in 
which tho hymenium clothes the surface of prickles or spines, 
and tho Auricularini , in which the hymenium is entirely or 



cc 


FUNGI. 


almost even. In the two remaining orders, there is a still further 
divergence from the mushroom form. In the one called Glavariei , 
the entire fungus is either simply cylindrical or club-shaped, or 
it is very much branched and ramified. Whatever form the 
fungus assumes, the hymenium covers the whole exposed surface.>/ 
In the TremeUini , a peculiar structure prevails, which at first 
seems to agree but little with the preceding. The whole plant 
is gelatinous when fresh, lobod and convolute, often brain-like, 
and varying in size, according to species, from that of a pin’s 
head to that of a man’s head. Threads and sporophores are 
imbedded in the gelatinous substance,* so that the fertile threads 
are in reality not compacted into a true 
hymenium. With this introduction we 
may state that the technical characters 
of the family are thus expressed : — 
Hymenium free, mostly naked , or , if 
enclosed at first, soon exposed ; spores 
naked , mostly qnaiernate , on distinct 
spicules ss= Hymenomycetes. 

In this family some mycologists be- 
lieve that fungi attain the highest form 
of development of which they are ca- 
pable, whilst others contend that the 
fructification of the Ascomy cotes is more 
perfect, and that some of the noblest species, such as the pileate 
forms, are entitled to the first rank. The morel is a familiar 
example. Whatever may be said on this point, it is incontro- 
vertible that the noblest and most attractive, as well as the 
largest, forms are classed under the Mymenomycetes. 

In Gastemny cedes, the second family, a true hymenium is 
also present, hut instead of being exposed it is for a long time 
enclosed in jm outer peridmm or sac, until the spores are fully 
matured, or the fungus is beginning to decay. The common 
puff-ball (Ly coper don) is well known, and will illustrate the 
principal featuro of the family. Externally there is a tough 

* Satane, and 0. B., “OtomtumsBur rOrgamsation te 

“Ann. des Sdu Hat.” 1853, xix. p. 193, 
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coat or peridium, which is at first pale, but ultimately becomes 
brown. Internally is at first a eream-eoloured, then greenish, 
cellular mass, consisting of the sinuated hymeninm and young 
spores, which at length, and when the spores are fully matured, 
become brownish and dusty, the hymenium being broken up 
into threads, and the spores become free. In earlier stages, 
and before the hymenium is ruptured, the spores have been 
found to harmonize with those of Hymenomycetes in their mode 
of production, since basidia are present surmounted each by 
four spicules, and each spicule normally surmounted by a 
spore.* Hero is, therefore, a cellular hymenium bearing qua- 
ternary spores, but, instead of being exposed, this hymenium 
is wholly enclosed within an external sac or peridium, which 
is not ruptured until the spores are fully matured, and the 
hymenium is resolved into threads, together forming a pul- 
verulent mass. It must, however, he borne in mind, that in 
only some of the orders composing this family is the hymenium 
thus evanescent, in others being more or less permanent, and 
this has led naturally enough to the recognition of two sub- 
families, in one of which the hymenium is more or^ less per- 
manent, thus following the Hymenomyeetous typo ; and in the 
other, the hymenium is evanescent, and the dusty mass of spores 
tends more towards the Coiuomycetes, this being characterized 
as the coniospormous (or dusty-spored) sub-family. 

The first sub-family includes, first of all, the Hyjpogai, or sub- 
terranean species. And here again it becomes necessary to re- 
mind the reader that all subterranean fungi are not included in 
this order, inasmuch as some, of which the truffle is an exam- 
ple, are sporidiiferous, developing their sporidia in asci. To 
those allusion must heroaftor bo made. In the Hypog&i, the 
hymonium is permanent and convoluted, leaving numerous 
minuto irregular cavities, in which the spores are produced on 

* Berkeley, M. J,, “On the Fructification of Lycoperdon, Phallus, and tbeir 
Allied Genera,” in “Ann. of Nat. Hist." (1840), vol. iv. p. 155 ; “Ann. des 
Sol Nat.” (1839), xn. p. 163, Tulasno, L R. and C., “ Be la Fructification des 
JScl&oderma oompar<5e d celle des I/ycoperdcn efc des JBcmsta” in “ Ann. des Sci. 
Nat,” 2 mc sOr, xvii, p. 5. 
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sporophores. When specimens are very old and decaying, the 
interior may become pulverulent or deliquescent. The structure 
of subterranean fungi attracted the attention of Messrs. Tulasne, 
and led to the production of a splendid monograph on the 
subject.* * * § Another order belonging to tins sub-family is the 
PJialloidei , in which the volva or peridium is ruptured whilst 
the plant is still immature, and the hymenium when mature 
becomes deliquescent. Not only are some members of this 
order most singular in appearance, hut they possess an odour 
so foetid as to be unapproached in this property by any other 
vegetable production. t In this order, the inner stratum of the 
investing volva is gelatinous. When still young, and previous 
to the rupture of the volva, the hymenium presents sinuous 
cavities in which the spores are produced on spicules, after the 
manner of llpnenomycetcs.% Nididariacei is a somewhat aber- 
rant order, presenting a peculiar structure. The peridium con- 
sists of two or three coats, and bursts at the apex, either 
irregularly or in a stellate manner, or by the separation of 
a little lid. Within the cavity are contained one or more 
se condary receptacles, which are either free or attached by 
elastic threads to the common receptacle. Ultimately the 
secondary receptacles are hollow, and spores are produced 
in the interior, borne on spicules. § The appearance in some 
genera as of a little bird Vuest containing eggs has furnished 
the name to the order. 

The second sub-family contains the coniospermous puff-balls, 
and includes two orders, in which the most readily distinguish- 
able feature is the cellular condition of the entire plant, in its 
earlier stages, in the Tmhogmtres, and the gelatinous condition 
of the early state of the Myxoyaatres. Both are ultimately 
resolved internally into a dusty mass of threads and spores. 

* Mamie, L E. aw! 0., “ Fungi Ily paged,” Paris, 1 851 ; “Observations sur 
ie Genre El&pliomyces,” in “ Ami. des Bel Nat” 1841, xvl 5. 

f Mapelia in this respect approach most closely to the PhattoideL 

$ Berkeley, in “Ann. Nat. Hist” vol. iv, p, 155. 

§ Marne, L. B. and C., “ Eechcrches' sur f Organisation ct 3e Mode do Fruc- 
tification des Nidularite,” “Ann. des 3d, Nat.” (1844), i. p. 41. 
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In the former, the peridium is either single or double, oc- 
casionally borne on a stem, but usually sessile. In Geaster , 
the <c starry puff-balls,” the outer peridium divides into 
several lobes, which fall back in a stellate manner, and expose 
the inner peridium, like a ball in the centre. In Polysaccum , 
the interior is divided into numerous 
cells, filled with secondary peridia. The 
mode of spore-production has already 
been alluded to in our remarks on Lyco- 
per don. All the species are large, as 
compared with those of the following 
sub-family, and one species of Lycoper - 
don attains an enormous size, One 
specimen recorded in the u G-ardener’a 
Chronicle ” was three feet four inches 
as — Scleroderma vuigate, Fr circumference, and weighed nearly 
ten pounds. In the Myxogastres , the early stage has been the 
subject of much controversy. The gelatinous condition presents 
phenomena so unlike anything previously recorded in plants, 
that one learned professor* did not hesitate to propose their 
exclusion from the vegetable, and recognition in the animal, 
kingdom as associates of the Gregarines. When mature, the 
spores and threads so much resemble those of the Trichogastres , 
and the little plants themselves are so veritably miniature puff* 
balls, that the theory of their ammal nature did not ‘meet with 
a ready acceptance, and is now virtually abandoned. The cha- 
racters of the family we have thus briefly reviewed are tersely 
stated, as — 

Hymenium more or less permanently concealed, consisting in 
most eases of closely-pacJced cells, of which the fertile ones hear 
naked spores on distinct spicules , exposed only ly the ruptv/re or 
decay of the investing coat or peridium =■ Gastekomtcetes. 

We come now to the second section of the Sporifera , in 
which no definite hymenium is present, And here we find 
also two families, in one of which the dusty spores are the 

* Be Bary, A., “ Bes Myxomycfctes/' in “Ann. des Sci. Nat.’* sdr, xi. 
p, 153; “ Bot, Zeit.” xvi. p. 357, 
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prominent feature, and lienco termed Coniomycetes ; tlie other, 
in which the threads are most noticeable, is Hyphomycetes . 
En the former of these, the reprod active system seems to pre- 
ponderate so much over the vegetative, that the fungus appears 
bo be all spores. The mycelium is often nearly obsolete, and 
bho short pedicels so evanescent, that a rusty or sooty powder 
represents the maturo fungus, infesting the green parts of living 
plants. This is more especially true of one or two orders. It 
will be most convenient to recognize two artificial sub-families 
for the purpose of illustration, in one of which the species are 
developed on living, and in the other on dead, plants. We will 
commence with the lattei’, recognizing first those which are 
developed beneath the cuticle, and then those which are super- 
ficial. Of the sub-cuticular, two orders may be named as the 
representatives of this group in Britain, these are the Sph&ro- 
nemeii in which the spores are contained in a more or less perfect 
perithecium, and the Melanconiei , in which there is manifestly 
none. The first of these is analogous to the Sphariacci of As - 
oowyc.etous fungi, and probably consists largely of spermogonia 
of known species of Sphtfria, the relations of which have not 
hitherto been traced. The spores are produced on slender 
threads springing from the inner wall of the perithecium, and, 
when mature, are expelled from an orifice at the apex. This is 
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the normal condition, to which there are some exceptions. In 
the Melanoonui , there is no true perithecium, bat the spores are 
produced in like manner upon a kind of stroma or cushion 
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formed from tlie mycelium, and, when mature, are expelled 
through a rupture of the cuticle beneath which they are gene* 
rated, often issuing in long gelatinous tendrils. Here, again, 
the majority of what were formerly regarded as distinct species 
have been found, or suspected, to be forms of higher fungi. The 
Toruhcei represent the superficial fungi of this family, and these 
consist of a more or less developed mycelium, which gives rise 
to fertile threads, which, by constriction and division, mature 
into moniliform chains of spores. The species mostly appear 
as blackish velvety patches or stains on the stems of herbaceous 
plants and on old weathered wood. 

Much interest attaches to the other sub-family of Goniomycetes , 
in which the species are produced for the most part on living 
plants. So much has been discovered during recent years of the 
polymorphism which subsists amongst the species in this section, 
that any detailed classification can only be regarded as pro- 
visional. Hence we shall proceed here upon the supposition 
that we are dealing with autonomous species. In the first place, 
we must recognize a small section in which a kind of cellular 
peridium is present. This is the JElcidiacei , or order of u cluster 
cups.” The majority of species are very beautiful objects under 
the microscope ; the peridia are distinctly cellular, and white or 
pallid, produced beneath the cuticle, through which they burst, 
and, rupturing at the apex, in one genus in a stellate manner, 
so that the teeth, becoming reflexed, resemble delicate fringed 
cups, with the orange, golden, brown, or whitish spores or 
pseudosporcs nestling in the interior.* These pseudospores 
are at first produced in chains, hut ultimately separate. In 
many cases these cups are either accompanied or preceded by 
spermogonia. In two other orders there is no peridium. In 
the G&omacei , the pseudospores are more or less globose or 
ovate, sometimes laterally compressed and simple; and in 
JPucdnicsi , they are elongated, often subfusiform and septate. 
In both, the pseudospores are produced in tufts or clusters 
direct from the mycelium. The Gcsomacei might again be sub- 


* Corda, ** leones Fungorum,” voL iii. fig. 45. 
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divided into TJstilagines * and Uredines + In the former, the 
psendospores are mostly dingy brown or blackish, and in the 
latter more brightly coloured, often yellowish. The TJstilagines 
include the smuts and bunt of corn-plants, the Uredines 
include the red rusts of wheat and grasses. In some of the 
species included in the latter, two forms of fruit are found. 
In Melampsora , tho summer pseudospores are yellow, globose, 
and were formerly classed as a species of Zeci/thea , whilst 
the winter pseudospores are brownish, elongated, wedge- 
shaped by compression, and compact. The Puccinicei $ differ 
primarily in the septate pseudospores, which in one genus 
( Pvceima ) arc uniseptate ; in Triphragmium , they are biseptate ; 
in Fhrafjimdium, multiseptate ; and in Xenodochns, moniliform, 
breaking up into distinct articulations. It is probable that, in 
all of these, as is known to be the case in most, the septate 
pseudospores arc preceded or accompanied by simple pseudo- 
spores, to v, hi ch they are mysteriously related. There is still 
another, somewhat singular, group usually associated with the 
Fucoinicvi) in which the septate pscudosporcs are immersed in 
gelatin, so that in many features the species seem to approach 
tho Tremellini . This group includes two or three genera, the 
typo of which will bo found in Fodkoma.% These fungi are 
piimsitic on living junipers in Britain and North America, 
appearing year after year upon the same gouty swellings of the 
brunches, in ehivato or horn-shaped gelatinoiis processes of a 
yellowish or orange colour. Anomalous as it may at first sight 
appear to include those tremclloid forms with the dust-liko fungi, 
their relations will on closer examination bo more fully appre- 
ciated, when the form of psendospores, mode of germination, and 
other features are taken into consideration, especially when 
compared with Foduoma Klimt , already alluded to* This family 
is technically characterized as, — 

* Tuhvmo, “Mumoiro sur 1 <j» UslilugindeH,” <c Ana, dca Sci. Nat.” (1847), vii. 
12 - 78 . 

t Tttlnimo, “Mfoifriro m*r les Ur&lm&js,” “Ann, dee Sci. Nat.” (1854), ii. 78. 

$ Tulnsna, “Bur lea Lfr&Iin6os/' “Ann. dos Sci. Nat.*' 1854, ii. pi. 9. 

§ Cooke, M. 0.,“ Notes on PodUma,” ia u Journ. Quck, Micr, Club,” No. 17 
p. m* 
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Distinct Tiymenium none . Pseudospores either solitary or con* 
catenate , produced on the tips of generally short threads , which 
are either naked or contained in a perithecium , rarely compacted 
into a gelatinous mass , at length producing minute spores =Conio- 

MYCETES. 

The last family of the sporifera is PLyphomycetes > in which the 
threads are confipig^^^pdejeloped. These are what are more 
commonly cal^j including some of the most elegant 
and delicate of microscopic forms. It is true of many of these, 
as well as of the Coniomycetes , that they are only conidial forms 
of higher fungi ; hut there will remain a very large number of 
species which, as far as present knowledge extends, must be ac- 
cepted as autonomous. In this family, we may again recognize 
three subdivisions, in one of which the threads are more or less 
compacted into a common stem, in another the threads are free, 
and in the third the threads can scarcely be distinguished from 
the mycelium. It is this latter group which unites the Hypho - 
mycetes with the Coniomycetes , the affinities being increased by the 
great profusion with which the spores are developed. The first 
group, in which the fertile threads are united so as to form a 
compound stem, consists of two small orders, the Isariacei and the 
Stilbacei , in the former of which the spores are dry, and in the 
latter somewhat gelatinous. Many of the species closely imitate 
forms met with in the Hymenomycetes , such as Clavaria ; and, 
in the genus Isaria , it is almost beyond doubt that the species 
found on dead insects, moths, spiders, flies, ants, &c., are merely 
the conidiophores of species of Torrubia 

The second group is by far the largest, most typical, and 
attractive in this family. It contains the black moulds and 
white moulds, technically known as the Dematiei and the 
Mucedines . In the first, the threads are more or less corticated, 
that is, the stem has a distinct investing membrane, which peels 
off like a bark ; and the threads, often also the spores, are dark- 
coloured, as if charred or scorched. In many cases, the spores 
are highly developed, large, multiseptate, and nucleate, and sel- 

# Tulosno, L. U, and 0., “Selecta Fungoram Carpologia,” vol. iii. pp. 4-19, 
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dom are spores and threads colourless or of bright tints. In 
the Mucedines , on the contrary, the threads arc never coated, 
seldom dingy, mostly white or of pure colours, and the spores 
have less a tendency to extra development or multiplex septa- 
tion. In some genera, as in Fcronospora for instance,* a 
secondary fruit is produced in the form of 
resting spores from the mycelium; and 
these generate zoospores as well as tlie 
primary spores, similar to those common 
in Algm. This latter genus is very de- 
structive to growing plants, one species 
being the chief agent in the potato disease, 
and another no less destructive to crops of 
onions. Tho vino disease is produced by a 
species of Oidhmi , which is also classed 
with Mucedines , but which is really the 
collid'd (crons form of Erysiphe. In oilier genera, tho majority 
of species are developed on decaying plants, so that, with the 
exception of the two genera mentioned, tho Ilyphomyceles exert 
a much less baneful influence on vegetation than tho Conio- 
mvcctcs. The last section, including the Sepedoniei, has been 
already cited as remarkable for the suppression of the threads, 
which are scarcely to be distinguished from the mycelium; the 
spores are profuse, nestling on the floccoso mycelium; whilst 
in tho Trichodennacei, the spores are invested by tho threads, as 
if enclosed in a sort of false peridium. A summary of the 
characters of the family may therefore bo thus briefly ox- 

^MamZtous; fertile threads naked, for the most part, free or 
loosely compacted, simple or branched, beamy the spores at their 
apices, rarely more closely packed, so as to form a distinct common 

stem bwHyvhom^uktbs* . , , 

Having thus disposed of tho Sporifmt, we mus a ver 
to the two families of Sporidiifera. As more closely related 
to the Hyphomycetes, tho first of these to bo noticed is the 
» D« Bary. A., “ Reehnrches fmr lrs Champignon* Parasites, m nn, 

Sd. Nat.” 4** ikr. ix.. p. 6 ; “ Gravities,’' vol. i. !>. 150, 
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Fhysomycetes, in which, there is no proper hymenium, and the 
threads proceeding from the mycelium bear vesicles contain- 
ing an indefinite number of sporidia. The fertile threads are 
either free or only slightly felted. In the order Antennariei, the 
threads are black and momliform, more or less felted, bearing 
irregular sporangia. A common fungus named Zasmzdium 
cellare , found in cellars, and incrusting old wine bottles, as 
with a blackened felt, belongs to this order. The larger and 
more highly-developed order, Mucorini , differs in the threads, 
which are simple or branched, being free, 
erect, and bearing the sporangia at the tips 
of the thread, or branches. Some of the 
species bear great external resemblance to 
Mucedlnes until the fruit is examined, when 
the fructifying heads, commonly globose or 
ovate, are found to be delicate transparent 
vesicles, enclosing a large number of minute 
sporidia ; when mature, the sporangia burst 
and the sporidia are set free. In some spe- 
cies, it has long been known that a sort of 
conjugation takes place between opposite threads, which results 
in the formation of a sporangium.* Hone of these species are 
destructive to vegetation, appearing onlympon decaying, and 
not upon living, plants. A state approaching putrescence seems 
to he essential to their vigorous development. The following 
characters may he compared with those of the family pre- 
ceding it : — 

Filamentous, threads fir ee or only slightly felted, hearing vesicles , 
which contain indefinite sporidia = Physomycetes. 

In the last family, the Ascomycetes , we shall meet with a 
very great variety of forms, all agreeing in producing sporidia 
contained in certain cells called asci, which are produced from 
the hymenium. In some of these, the asci are evanescent, 
hut in the greater number are permanent. In Onygenei , the 
receptacle is either club-shaped or somewhat globose, and the 

* A. do Bary, translated in u Grevillea,” vol. i p. 107 ; Tolasne, “Ann. des 
Sci Nat." sdr, (1800), p. 211. 
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peridium is filled with branched threads, which produce as 
very evanescent character, leaving the pulverulent spoi 
fill the central cavity. The species are all small, and singi 
their habit of affecting animal substances, otherwise th 
of little importance. The Perisporiacei , on the other ha 
very destructive of vegetation, being produced, in the m 
of cases, on the green parts of growing plants. To this 
the hop mildew, rose mildew, and pea mildew belong, 
mycelium is often very much developed, and in the case 
maple, pea, hop, and some others, it covers the parts at 
with a thick white coating, so that from a distance the 
appear to have been whitewashed. Seated on the mycoli 
the first as little orange points, aro the pcritheeia, which c 
and become nearly black. In some species, very elegant \ 
appendages radiate from the sides of the perithecia, the 
tions in which aid in the discrimination of species. Tho per 
contain pear-shaped asci, which spring from the base and < 
a definite number of sporidia.* Tho asci themselves ar 
dissolved. Simultaneously with tho development of sp 
other reproductive bodies arc produced direct from themyc 
and in some species as many as five different kinds of rep 
tivo bodies have been traced. The features to bo remombe 
l J f>rinporiaeei, as forming tho basis of their classification, ai 
tho asci arc saccate, springing from tho base of tho peril 
ami aro soon absorbed, AUo that tho porithecia thoraselv 
not perforated at tho apex. 

Tho four remaining orders, though largo, can bo easily c 
temed. In Tuber ucci, all the species aro subterranean, ai 
hymenium is mostly si nun ted. In Ehellaoe /, the substa 
more or less fleshy, and tho hymenium is exposed. In . 
dium % the subsiance is hard or leathery, aud the hymeni 
soou exposed. And in Sphariacei , although tho substai 
variable, tho hymenium is never exposed, being enclop 
porithecia with a distinct opening at the apex, through 
tho mature spores escape. Bach of ilieso four orders mi 

* L6veU16, I* H., a Organisation, &c., de VfiiymphV’ h* “Ami, d 
Nat/' (1S51), xv, p, 100, 
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examined more in detail. The Tuheracei, or subterranean 
Ascomycetes , are analogous to the Hypogcei of the Gasteromycetes. 
The truffle is a familiar and highly prized example. There is a 
kind of outer peridium, and the interior consists of a fleshy 
hymenium, more or less convoluted, sometimes sinuous and con- 
fluent, so as to leave only minute elongated and irregular cavi- 
ties, and sometimes none at ail, the two opposing faces of the 
hymenium meeting and coalescing.* Certain privileged cells 
of the hymenium swell, and ultimately become asci, enclosing a 
definite number of sporidia. The spondia in many cases are 
large, reticulated, echmulate or verrucose, and mostly somewhat 
globose. In the genus Elaphomyces , the asci are more than 
commonly diffluent. 

The JElvellacei are fleshy in substance, or somewhat waxy, 
sometimes tremelloid. There is no peridium, but the hymenium 
is always exposed. There is a great variety of forms, some 
being pileate, and others cup-shaped, as there is also a great 
variation in size, from the minute Peziza, small as a gram of 
sand, to the largo Helvella gig as, which equals in dimen- 
sions the head of a child. In the pileate forms, the stroma 
is fleshy and highly developed; in the cup-shaped, it is 
reduced to the external cells of the cup which enclose the 
hymenium. The hymenium itself consists of elongated fertile 
cells, or asci, mixed with linear thread-hke barren cells, called 
paraphyses, which are regarded by some authors as barren asci. 
These are placed side by side in juxtaposition with the apex 
outwards. Each ascus contains a definite number of sporidia, 
which are sometimes coloured. When mature, the asci explode 
above, and the sporidia may be seen escaping like a miniature 
cloud of smoke in the light of the mid-day sun. The disc or 
surface of the hymenium is often brightly coloured in the genus 
l j eziz(t; tints of orange, red, and brown having the predominance. 

In Phacidiacei , the substance is hard and leathery, intermediate 
between the fleshy Elvellacei and the more horny of the Sph<&- 
rkteei. The porithecia are either orbicular or elongated, and the 

* Tu!i»,hiuj, L. It, and C., “Fungi IlypogEei,” Paris ; Vittadmi, C., “Mono- 
graph ia Tuf>m<;earuiu,” Milan, 1831. 
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hymcnium soon becomes exposed. In some instances, there is 
a close affinity with tlio fflvellacei , the exposed hymenium being 
similar in structure, but m all the disc is at first closed In 
orbicular forms, the fissure takes place in a stellate manner from 
tlie centre, and the teelh arc reflexed. In the & y&teriacei, where 
the perithecia are elongated, the fissure takes place throughout 
their length. As a rule, the sporidia are more elongated, more 
commonly septate, and more usually coloured, than in fflvellacei . 
Only a few solitary instances occur of individual species that 
are parasitic on living plants. 

In the SpharMCtd, the substance of the stroma (when pre- 
sent) and of the perithecia is vari- 
able, being between fleshy and waxy 
in Nccfriei, and tough, horny, some- 
times brittle, in Jlypoxylon. A peri- 
thecium, or cell excavated in the 
stroma which fulfils the functions of 
a peritheciuni, is always present. 
The hymcnium lines the inner walls 
of the perithecium, and forms a gela- 
tinous nucleus, consisting of asciand 
paraphyses. When fully mature, the asci are ruptured and tho 
sporidia escape by a pore which occupies the apex of the peri- 
ihccium. Sometimes the perithecia are solitary or scattered, and 
sometimes gregarious, whilst in other instances they are closely 
aggregated and immersed in a stroma of variable size and form. 
Conklin, spcnmiiia, pyenidia, &c., have been traced to and asso- 
ciated with some species, hut the history of others is still obscure, 
ft! any of f lic eoniamyeetouH forms grouped under the Spharonemei 
are probably conditions of the SphmriaceU as are also the Melan - 
conici) and some of the Ryphomycetes* A very common, fungus, 
for instances which is abundant on sticks and twigs, forming 
rosy or reddish pustules tho sizes of a millet seed, formerly 
named Tuherculurid vulgaris^ is known to bo the conidia-bearing 
stroma of the sphairiucoous fungus, Nectria cinnabarim / # and so 

* “A Currant Twig nad Something on It,” in u Gardener's Chronicle" for 
January 28, 1871. 
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with many others. The following are the technical characters 
of the family : — 

Fruit zonsisling of sporidia , mostly definite , contained in asci , 
springing from a naked or enclosed stratum of fructifying cells 
and forming a hymeniam or nucleus = Ascomycetes. 

If the characters of the different families are borne in mind, 
ill ere will be but little difficulty in assigning any fungus to the 
order to which it belongs by means of the foregoing remarks. 
For more minute information, and for analytical tables of the 
families, orders, and genera, we must refer the student to some 
special systematic work, which will present fewer difficulties, if 
he keeps in mind the distinctive features of the families.* 

To assist in this we have given on the following page an 
analytical arrangement of the families and orders, according 
to the system recognized and adopted in the present volume. 
It is, in all essential particulars, the method adopted m our 
“ Handbook,” based on that of Berkeley's “Introduction” and 
“ Outlines.” 

* Berkeley, M. J., “ Introduction to Cryptogamic Botany,’’ London, 1857 ; 
Cooke, M 0 , “Handbook of British Fungi,” London, 1871 ; Corda, A. C. J., 
“ Auleituug znm Stadium der Mycologio,” Prag, 1842, Kiekx, J., “Flore 
Oryptoganiique des Flanders,” Gland, 1867 ; Flics, E., “ Systcma Mycologicum,” 
Lund, 1830; Fries, E., “Sumraa Ycgetabilnim Scandinavia,” 1846 ; Secretan, 
L., “ Mycographie Suisse,” Geneva, 1833 , Berkeley, M, J., “Outlines of 
British Fungology, ” London, IS GO. 
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TABULAE ARRANGEMENT OF FAMILIES AND 
ORDERS. 

Division I. SPORIFERA. Spores naked . 

I. Hymenium free, mostly naked, or soon exposed . . Hymenomycetes. 

Hynienium normally inferior — 

Fruit-beau ng surface lamcllose . . . Agaricini . 

Frmt-beaiing surface poious or tubular . . Polyporei, 

Fruit-bearing surface clothed with prickles . Hydnei. 
Fruit-bearing surface even or rugose. . . Auriculanni. 

Hymcnium superior or encircling— 

Ohivate, or branched, rmely lobed , , . ClavarkL 

Dobed, convolute, or disc-like, gelatinous . . TrcmelliuL 

II. Hymenium enclosed in a peiidiurn, ruptured when mature Gasteromyoetes, 

Hy nicnom ycetous — 

Subterranean, naked or enclosed . . . Hypogcei. 

Terrestrial, hymeuiuin deliquescent . * . Phctlloidci* 

Pendium enclosing sporangia, containing spores Nidulariacei. 
Oonio 1 permouH— 

Htipifcate, hymenium convolute, drying into a 

dusty mass, enclosed in a volva , , . Podaxind. 

Cellular at first, hymouium drying up into a 
dusty mass of felneadw and spores * . Trickogastres, 

Gelatinous at first, poridiuni containing at length 
a dusty mass of threads and spores , . Myxogastrcs, 

III. Spores naked, mostly terminal, on inconspicuous threads, 

free or enclosed in a perithucium . * . Coniohycetes. 

Growing on dead or dying plants— 

Subcutaneous— 

Ferithmnm more or lens distinct , * SpfozronemeU 

Peri thorium obsolete or wanting • Melanconid. 

Superficial — 

Fructifying surface naked 

Spores compound or tomiparoua , Torulacd. 
Panihitie on. living plants ~ 

lVridium distinctly cellular .... ARcidiacci, 
Peridimn none — 

Spores sub-globose, simple or deciduous • Cceomacd, 
8|K>re» mostly oblonc, usually septate • Pwcinuci, 
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NOTABLE PHENOMENA. 

Thebe are no phenomena associated with fungi that are of 
greater interest than those which relate to luminosity. The 
fact that fungi under some conditions are luminous has long 
been known, since schoolboys in our juvenile days were in the 
habit of socroting fragments of rotten wood penotratod by 
mycelium, in order to exhibit their luminous properties in the 
dark, and thus astonish their more ignorant or incredulous fol- 
lows. Rumphius noted its appearance in Amboyna, and Fries, 
in his Observations, gives the name of Tkdephora plmphorea 
to a species of Oorlicmm now known as Corticium cmrulmm , 
on account of its phosphorescence unclor certain conditions. 
The same species is the Auricularia phosphorca of Sowerby, 
but he makes no note of its phosphorescence. Luminosity in 
fungi “ has been observed in various parts of the world, and 
whore the species has been fully developed it has been generally 
a spocios of Agaricvs which has yielded the phenomenon*”* 
One of the best-known species is the Agaricics olearius of the 
South of Europe, which was examined by Tulasne with especial 
view to its lummoslty.t In his introductory remarks, bo says 
that four species only of Agaricus that arc luminous appear at 
present to be known* One of them, A . olearim, 3D* 0*, is indi- 
genous to Central Europe; another, A. igneits, Rumph., coraos 
from Amboyna; the third, *4. noctileucu s t L6v*, has been dis- 

# M, J. Berkeley, “ Introduction to Cryptogamlc Botany,” p. 206* 

t Tulaano, “Bar la Phosphorescent dm Champignons,” in “Amu deaiSct 
Nat.” (im), rol. xx. p. 888. 
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covered at Manilla by G-audiehaud, in 1836 ; the last, A . Gard- 
bot, Berk., is produced in the Brazilian province of Goyaz, upon 
dead leaves. As to the Dematiwm violaceum , Pers., the JELimantia 
Candida , Pers., cited once by Link, and the Thelephora ccerulea , 
D. C. ( Corticium cceruleum , Pr.), Tulasne is of opinion that their 
phosphorescent properties are still problematical; at least no 
recent observation confirms them. 

The phosphorescence of A. olearius , D. 0., appears to have 
been first made known by De Candolle, but it seems that he was 
in error in stating that these phosphorescent properties mani- 
fest themselves only at the time of its decomposition. Pries, 
describing the Cladosporium umbrinum, which lives upon the 
Agaric of the olive-tree, expressed the opinion that the Agaric 
only owes its phosphorescence to the presence of the mould. 
This, however, Tulasne denies, for he writes, “ I have had the 
opportunity of observing that the Agaric of the olive is really 
phosphorescent of itself, and that it is not indebted to any 
foreign production for the light it emits.” Like Delile, he 
considers that the fungus is only phosphorescent up to the time 
when it ceases to grow; thus the light which it projects, one 
might say, is a manifestation of its vegetation. 

“ It is an important fact,” writes Tulasne, “which I can con- 
firm, and which it is important to insist upon, that the phos- 
phorescence is not exclusively confined to the hymenial surface. 
Numerous observations made by mo prove that the whole of the 
substance of the fungus participates very frequently, if not 
always, in the faculty of shining in the dark. Among the first 
Agarics which I examined, I found many, the stipe of which 
shed here and there a light as brilliant as the hymenium, and 
led me to think that it was due to the spores which had fallen 
on the surface of the stipe. Therefore, being in the dark, I 
scraped with my scalpel the luminous parts of the stipe, but it 
did not sensibly diminish their brightness; then 1 split the stipe, 
bruised it, divided it into small fragments, and I found that 
the whole of this mass, even in its deepest parts, enjoyed, in a 
similar degree to its superficies, the property of light. I found; 
besides, a phosphorescence quite as brilliant in all the cap, for, 
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having split it vertically in the form of plates, I found that tho 
trama, when bruised, threw out a light equal to that of their 
fructiferous surfaces, and thero is really only the superior 
surface of the pilous, or its cuticle, which I have never scon 
luminous. 

“As I have said, the Agaric of the olive-tree, which is itself 
very yellow, reflects a strong brilliant light, and remains 
endowed with this remarkable faculty whilst it grows, or, at 
least, while it appears to preserve an active life, and remains 
fresh. The phosphorescence is at first, and more ordinarily, ro 
cognizable at tho surface of the hymenium. I have seen a groat 
number of young fungi which were very phosphorescent in tho 
gills, but not in any other part. In another case, and amongst 
more aged fungi, tho hymenium of which had ceased to give 
light, tho stipe, on tho contrary, threw out a brilliant glare. 
Habitually, tho phosphorescence is distributed in an unequal 
manner upon the stipe, and the same upon tho gills. Although 
the stipe is luminous at its surface, it is not always necessarily 
so in its interior substance, if one bruises it, but this mibstanoo 
frequently becomos phosphorescent after contact with the air. 
Thus, I had irregularly split and slit a largo stipe in its length, 
and I found tho whole floRh obscure, whilst on the exterior were 
some luminous placos. I roughly joined tho lacerated parts, 
and the following evening, on observing thorn anew, I found 
them all flashing a bright light* At another time, I had with 
a scalpel split vertically many fungi in order to hasten their 
dessication ; tho evening of the same day, tho surface of all these 
cuts was phosphorescent, but in many of these pieces of fhngi 
the luminosity was limited to tho out surface which remained 
exposed to the air $ the flesh beneath was unchanged* 

“ I have seen a stipe opened and lacerated irregularly, tho 
whole of the flesh of which remained phosphorescent during 
throe consecutive evenings, but the brightness diminished in 
intensity from tho exterior to tho interior, so that on tho third 
day it did not issue from the inner part of the stipe. Thu 
phosphorescence of the gills is in no way modified at first hy 
immersing the fungus in water? when they have been iramomxJ 
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they are as bright as in the air, hut the fungi which I left 
immersed until the next evening lost all their phosphorescence, 
and communicated to the water an already sensible yellow tint; 
alcohol put upon the phosphorescent gills did not at once com- 
pletely obliterate the light, but visibly enfeebled it. As to the 
spores, which are white, I have found many times very dense 
coats of them thrown down on porcelain plates, but I have 
never seen them phosphorescent. 

“ As to the observation made by Delile that the Agaric of the 
olive does not shine during the day when placed in total dark- 
ness, I think that it could not have been repeated. From what 
I have said of the phosphorescence of A. oleanus , one naturally 
concludes that there does not exist any necessary relation 
between this phenomenon and the fructification of the fungus ; 
the luminous brightness of the hymenium shows, says Delile, 
‘the greater activity of the reproductive organs,’ but it is 
not in consequence of its reproductive functions, which may 
be judged only as an accessory phenomenon, the cause of which 
is independent of, and more general than these functions, since 
all the parts of the fungus, its entire substance, throws forth 
at one time, or at successive times, light. From these experi- 
ments Tulasne infers that the same agents, oxygen, water, and 
warmth, are perfectly necessary to the production of phospho- 
rescence as much in living organized beings as in those which 
have ceased to live. In either case, the luminous phenomena 
accompany a chemical reaction which consists principally in 
a combination of the organized matter with the oxygen of the 
air; that is to say, in its combustion, and in the discharge 
of carbonic acid which thus shows itself.” 

We have quoted at considerable length from these observa- 
tions of Tulasne on the Agaric of the olive, as they serve very 
much to illustrate similar manifestations in other species, which 
doubtless resemble each other in their main features. 

Mr. Gardner has graphically described his first acquaintance 
in Brazil with the phosphorescent species which now hears his 
name. It was encountered on a dark night of December, while 
passing through the streets of Villa de Natividate. Some boys 
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were amusing themselves with some luminous object, which at 
first he supposed to be a kind of large fire-fly, hut on making 
inquiry he found it to be a beautiful phosphorescent Agaric, 
which he was told grew abundantly in the neighbourhood on 
the* decaying fronds of a dwarf palm. The whole plant gives 
out at night a bright light somewhat similar to that emitted 
by the larger fire-flies, having a palo greenish hue. From this 
circumstance, and from growing on a palm, it was called by the 
inhabitants “ flor do coco.”* 

The number of recognized phosphorescent species of Agaricm 
is not large, although two or three others may be enumerated 
in addition to those cited by Tulasne, Of these, Agaricm 
lampas, and some others, are found in Australia^ In addition 
to the Agaricus noctileucm , discovered by Gaudiehaud, and the 
Agaricus igneus of Rumphius, found in Amboyna, Dr. Hooker 
speaks of the phenomenon as common in Sikkim, but lie seenm 
never to have been able to ascertain with what species it was 
associated. 

Dr, Cuthbort Oollingwood has communicated some further 
information relative to the luminosity of a species of Agaricm 
in Borneo (supposed to bo A , GarJnrri ), in which ho says, 
“The night being dark, tho fungi could bo very distinctly mum, 
though not at any groat distance, shining with a soft pale 
greenish light. Here and there spots of much more intense 
light were visible, and these proved to ho very young ami 
minute specimens. The older specimens may more properly 
bo described as possessing a greenish luminous glow, like the 
glow of tho electric discharge, which, however, was quite suf- 
ficient to define its shape, and, when closely examined, the chief 
details of its form and appearance. The luminosity did not 
impart itself to tho hand, and did not appear to be affected by 
the separation from the root ori which it grew, at least not for 
some hours, I think it probable that the mycelium of this 
fungus is also luminous, for, upon turning up tho ground in 
search of small luminous worms, miaufcp spots of light were 

* la “ Hookers Journal o £ Bot&ay * (1S40), voi, H. $>. 420, 

f Berkeley, ‘antrodaodoa to Crypt. Bofc.” t. 205 . 
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observed, which could not be referred to any particular object 
or body when brought to the light and exammed, and were 
probably due to some minute portions of its mycelium.”* The 
same writer also adds, “ Mr. Hugh Low has assured me that he 
saw the jungle all in a blaze of light (by which he could see to 
read) as, some years ago, he was riding across the island by 
the jungle road ; and that this luminosity was produced by an 
Agaric.” 

Similar experiences were detailed by Mr. James Drummond 
in a letter from Swan River, in which two species of Agaric 
are concerned. They grew on the stumps of trees, and had 
nothing remarkable in their appearance by day, but by night 
emitted a most curious light, such as the writer never saw 
described in any book. One species was found growing on the 
stump of a Banhsia in Western Australia. The stump was at 
the time surrounded by water. It was on a dark night, when 
passing, that the curious light was first observed. When the 
fungus was laid on a newspaper, it emitted by night a phospho- 
rescent light, enabling persons to read the words around it, and 
it continued to do so for several nights with gradually decreas- 
ing intensity as the plant dried up. In the other instance, 
which occurred some years after, the author, during one of his 
botanical trips, was struck by the appearance of a largo Agaric, 
measuring sixteen inches in diameter, and weighing about five 
pounds. This specimen was hung np to dry in the sitting- 
room, and on passing through the apartment in the dark it was 
observed to give out the same remarkable light. The luminous 
property continued, though gradually diminishing, for four or 
five nights, when it ceased on the plant becoming dry. (t Wo 
called some of the natives,” he adds, “ and showed them this 
fungus when emitting light, and the poor creatures cried out 
4 chinga,’ their name for a spirit, and seemed much afr^d 
of it.”f 

Although the examples already cited are those of species of 
Agaric, luminosity is not by any means wholly confined to that 

* DrJ Collingwood, in “ Journal of Linnman Society (Botany),” voL x. p, 400. 

f In Hioker'a Journal of Botany ” for April, 1842. 
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genus. Mr. Worthington Smith has recorded his experiences of 
some /ipccimens of the common JPoh/porus annosus which were 
found on some timbers in the Cardiff coal mines. He remarks 
that the colliers aro well acquainted with phosphorescent fungi, 
and the men state that sufficient light is given u to see thoir 
hands by.” The specimens of J?ohjporus were so luminous 
that they could bo seen in the dark at a distance of twenty 
yards. Ho observes further, that ho has met with specimens of 
Pohjporus sulfur eus which wero phosphorescent. Some of the 
fungi found in mines, which emit light familiar to the minerN 
belong to the incomplete genus Itliizomorpha , of which Humboldt 
amongst others gives a glowing account. Tulasno has also 
investigated this phenomenon in connection with the common 
Jtliizomorpha subterranea , Pcrs. This species extends underneath 
the soil in long strings, in the neighbourhood of old tree stumps, 
those of the oak especially, which aro becoming rotten, and 
upon these it is fixed by one of its branches. Those aro cylin- 
drical, very flexible, branching, and clothed with a hard bark, 
encrusting and fragile, at first smooth and brown, becoming 
later very rough and black. The interior tissue, at first whitish, 
afterwards of a more or loss deep brown colour, in formed of 
extremely long parallel filaments from *00235 to *015 mm, in 
diameter. 

On the evening of the day when I received the specimens,* 
ho writes, the temperature being about 22° Coni*, all the young 
branches brightened with an uniform phosphoric light the whole 
of their length ; it was the same with the surface of sorno of the 
older branches, the greater number of which wore still brilliant hi 
sonic parts, and only on thoir surface. I split and lacerated many 
of these twigs, but their internal substance remained dull, Thu 
next evening, on the contrary, this substance, having been ex- 
posed to contact with the air, exhibited at its surface ibo sumo 
brightness as the bark of the branches. I made this observa- 
tion upon tiro old stalks as well as upon the young ones, Pro- 
longed friction of the luminous surfaces reduced the brightness 

* OJahwue, ,, SurlaJ?bogphorosc$m^ ,, ia “Amn de*ScL Nat.” (1848), vrt, hr, 
p. 840, &e. 
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and dried them to a certain degree, but did not leave on the 
fingers any phosphorescent matter. These parts continued with 
the same luminous intensity after holding them in the mouth so 
as to moisten them with saliva ; plunged into water, held to the 
flame of a candle so that the heat they acquired was very appre- 
ciable to the touch, they still emitted in the dark a feeble light ; it 
was the same after being held in water heated to 30° C. ; but put- 
ting them in water bearing a temperature of 55° C. extinguished 
them entirely. They are equally extinguished if hold in the mouth 
until they catch the temperature ; perhaps, still, it might be 
attributed less to the heat which is communicated to them than 
to the deficiency of sufficient oxygen, because I have seen some 
stalks, having become dull in the mouth, recover after a few 
instants a little of their phosphorescence. A young stalk 
which had been split lengthwise, and the internal substance of 
which was very phosphorescent, could imbibe olive oil many 
times and yet continue for a long time to give a feeble light. 
By preserving these JRhizomorpkcd in an adequate state of 
humidity, I have been able for many evenings to renew the 
examination of their phosphorescence; the commencement of 
dessication, long before they really perish, deprives them of the 
faculty of giving light. Those which had been dried for more 
than a month, when plunged into water, commenced to vegetate 
anew and send forth numerous branches in a few days ; but I 
could only discover phosphorescence at the surface of these new 
formations, or very rarely in their immediate neighbourhood, 
the mother stalks appearing to have lost by dessication their 
luminous properties, and did not recover them on being recalled 
to life. These observations prove that what Schmiia has written 
was not true, that all parts of these fungi were seldom phos- 
phorescent. 

The luminous phenomenon in question is without doubt more 
complicated than it appears, and the causes to which wo attri- 
bute it are certainly powerfully modified by the general character 
of the objects in which they reside. Most of the Gorman 
botanists give this explanation, others suppose that it forma at 
first or during its continuance a special matter, in which the 
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luminous property resides; this matter, which is said to bo 
mucilaginous in the luminous wood, appears to be in the 
RMzomorpha only a kind of chemical combination between the 
membrane and some gummy substance which they contain. 
Notwithstanding this opinion, I am assured that all external 
mucous matter was completely absent from the Agaricm olearim , 
and I neither discovered it upon the branches of jRhizojnorpha 
subterranea nor upon the dead leaves which I have seen phos- 
phoreseent ; in all these objects the luminous surfaces were 
nothing else than their proper tissue. 

It may be remarked here that the so-cal led species of 1 Vtizo- 
morpha are imperfect fungi, being entirely devoid of fructifica- 
tion, consisting in fact only of a vegetative system — a sort of 
compact mycelium — (probably of species of Xylaria) with some 
affinity to Sclerotium. 

Recently an extraordinary instance of luminosity was recorded 
as occurring in our own country. * “ A quantity of wood had 

boon purchased in a neighbouring parish, which was draggod up 
a vory steep hill to its destination. Amongst thorn was a log of 
larch or spruce, it is not quite certain which, 24 feet long and a 
foot in diameter. Some young friends happened to pass up the 
hill at night, and were surprised to find tho road scattered with 
luminous patches, which, when more closely examined, proved to 
bo portions of bark or liitlo fragments of wood. Following the 
track, they came to a blaze of white light which was perfectly 
surprising. On examination, it appeared that tho whole of the 
inside of the bark of tho log was covered with a white byssoid 
mycolium of a peculiarly strong smell, but unfortunately in such 
a state that the perfect form could not bo ascertained* This was 
luminous, but the light was by no moans so bright as in those 
parts of the wood where the spawn had penetratod more deeply, 
and where it was so intense that tho roughest treatment scarcely 
seemed to check it. If any attempt was mad© to rub off the 
luminous matter it only shone the more brightly, and when wrapped 
up in five folds of paper tho light penetrated through all tho folds 
on either side as brightly as if tho specimen was exposed j when, 
*Ecm M. J. Berkeley, in “ Gardener's Chronicle” for I #72, p. 32£S. 

I 
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again, the specimens were placed in the pocket, the pocket when 
opened was a mass of light. The luminosity had now keen 
going on for three days. Unfortunately we did not see it our- 
selves till the third day, when it had, possibly from a change in 
the state of electricity, been somewhat impaired ; but it was 
still most interesting, and we have merely recorded what we 
observed ourselves. It was almost possible to read the time on 
the face of a watch even in its less luminous condition. We do 
not for a moment suppose that the mycelium is essentially 
luminous, but are rather inclined to believe that a peculiar con- 
currence of* climatic conditions is necessary for the production 
of the phenomenon, which is certainly one of great rarity. 
Observers as we have been of fungi in their native haunts for 
fifty years, it has never fallen to our lot to witness a similar case 
before, though Prof. Churchill Babington once sent us specimens 
of luminous wood, which had, however, lost their luminosity 
before they arrived. It should be observed that the parts of the 
wood which were most luminous were not only deeply penetrated 
by the more delicate parts of the mycelium, but were those 
which were most decomposed. It is probable, therefore, that 
this fact is an element in the case as well as the presence of 
fungoid matter.” 

In all cases of phosphorescence recorded, the light emitted 
is described as of the same character, varying only in intensity. 
It answers well to the name applied to it, as it scorns remarkably 
similar to the light emitted by some living insects and other 
animal organisms, as well as to that evolved, under favourable 
conditions, by dead animal matter — a pale bluish light, resem- 
bling that emitted by phosphorus as seen in a dark room. 

Another phenomenon worthy of note is tho change of colour 
which the bruised or cut surface of some fungi undergo. Most 
prominent amongst these are certain poisonous species of 
Boletus, such, for instance, as Boletus luridrn , and some 
others, which, on being bruised, cut, or divided, exhibit an 
intense, and in some cases vivid, blue. At times this change 
is so instantaneous that before the two freshly-cut portions 
of a Boletus can bo separated, it has already commenced, and 
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proceeds rapidly till the depth of intensity has been gained. 
This blue colour is so universally confined to dangerous species 
that it is given as a caution that all species which exhibit a blue 
colour when cut or bruised, should on no account bo eaten. The 
’degree of intensity varies considerably according to the con- 
dition of the species. For example. Boletus cmmlescens is 
sometimes only very slightly, if at all, tinged with blue when 
cut, though, as the name implies, the peculiar phenomenon is 
generally highly developed. It cannot bo said that this change 
of colour has as yet been fully investigated. One writer some 
time since suggested, if he did not affirm, that the colour was 
due to tho presence of aniline, others have contented themselves 
with tho affirmation that it was a rapid oxidization and chemi- 
cal chango, consequent upon exposure of the surfaces to tho air. 
Archdeacon Robinson examined this phenomenon in different 
gases, and arrived at tho conclusion that the chango depends on 
an alteration of molecular arrangement.* 

One of tho best of tho edible species of Lactarius , known i#h 
Lactarius ddieiosus , changes, wliorover cut or bruised, to a dull 
livid green. This fungus is filled with an orange milky fluid, 
which becomes green on exposure to tho air, and it is conse- 
quently the juice which oxidizes on exposure. Some varieties 
more than others of the cultivated mushroom become brownish 
on being cut, and a similar change wo have observed, though 
not recorded, in other species. 

Tho presence of a milky juice in certain ftmgi has boon 
alluded to. This is by no moans confined to tho genus Lath 
tarius , in which such juice is universal, sometimes white, some- 
times yellow, and sometimes colourless. In Agarics, especially 
in the subgenus Mycena , the gills and stem are replete with a 
milky juice Also in some species of Pvztea, as for instance In 
Pezlza eueco&a, B., sometimes found growing an the ground in 
gardens, and in Peziza saniosa, Sehrad., also a terrestrial species, 
the same phenomenon occurs. To this might bo added such 
species as Slereum tpadioeum, Fr,, and Stermm sanguimlmtm , 

* Berkeley, “ Introduction to Crypt. Boi" p* 200. 

X & 
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Fr., both of which become discoloured and bleeding when 
bruised, while Qorticium lactescens distils a watery milk. 

Fungi in general have not a good repute for pleasant odours, 
and yet it must be conceded that they are not by any means de- 
void of odour, sometimes peculiar, often strong, and occasionally 
very offensive. There is a peculiar odour common to a great 
many forms, which has come to be called a fungoid odour ; it is 
the faint smell of a long-closed damp cellar, an odour of mouldi- 
ness and decay, which often arises from a process of eromocau- 
sis. But there are other, stronger, and equally distinct odours, 
which, when once inhaled, are never to be forgotten. Amongst 
these is the fetid odour of the common stinkhorn, which is in- 
tensified in the more beautiful and curious Clatkrus . It is verj 
probable that, after all, the odour of the Phallus would not be so 
unpleasant if it were not so strong. It is not difficult to imagine, 
when one encounters a slight sniff borne on a passing breeze, 
that there is the element of something not by any means un- 
pleasant about the odour when so diluted ; yet it must be con- 
fessed that when carried in a vaseulum, in a close carriage, or 
railway car, or exposed in a close room, there is no scruple about 
pronouncing the odour intensely fetid. The experience of moro 
than one artist, who has attempted the delineation of Olathrus 
from the life, is to the effect that the odour is unbearable even 
by an enthusiastic artist determined on making a sketch. 

Perhaps one of the most fetid of fungi is Thelephora pal mat a. 
Some specimens were on one occasion taken by Mr. Berkeley into 
his bedroom at Aboyne, when, after an hour or two, he was hor- 
rified at finding the scent far worse than that of any dissecting 
room. He was anxious to save the specimens, but the scent was 
so powerful that it was quite intolerable till he had wrappod them 
in twelve thick folds of the strongest brown paper. The scent 
of Thelephora fastidiosa is bad enough, but, like that of Coprimes 
pioacew , it is probably derived from the imbibition of tho ordure 
on which it is developed. There needs no stronger evidence 
that the scent must not only be powerful, but unpleasant, when 
an artist is compelled, before a rough sketch is more than half 
unished, to throw it away, and seek relief in the open air. A great 
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number of edible Agarics have the peculiar odour of fresh meal, 
but two species, Agaricm odor us and Agaricm fragram, have a 
pleasant anise-like odour. In two or three species of tough 
Hydnum, there is a strong persistent odour somewhat Hko melilot 
or woodruffe, which does not pass away after the specimen has 
been dried for years. In some species of Marasmim , there is a 
decidedly strong odour of garlic, and in one species of Mggrch 
phorus, such a resemblance to that of the larva of the goat 
moth, that it bears the name of Hygrophorus cosms * Most of 
the fleshy forms exhale a strong nitrous odour during decay, 
but the most powerful we remember to have experienced was 
developed by a very large specimen of Choir omycesineandriformis, 
a gigantic subterranean species of the truffle kind, and this 
specimen was four inches in diameter when found, and then 
partially decayed. It was a most peculiar, but strong and 
unpleasantly pungent nitrous odour, such as we never rorneml>or 
to have mot with in any other substance. Peziza venom is 
roraarkablo when fresh for a strong scent like that of 
aquafortis. 

Of colour, fungi exhibit an almost ondless variety, from white, 
through ochraooous, to all tints of brown until nearly block, or 
through sulphury yellow to reds of all shades, doopemmg into 
crimson, or passing by vinous tints into purplish black. These 
are the predominating gradations, but there are occasional blues 
and mineral greens, passing into olivo, but no pure or oh loro- 
phyllous green. The nearest approach to the latter is found in 
the hymenium of some BoletL Some of the Agarics exhibit 
bright colours, but the larger number of bright-coloured species 
occur in the genus JPeziza, [Nothing can be more elegant than 
the orange cups of JPeziza aurantia , the glowing crimson of 
JPeziza cooeinea , the bright scarlet of JPeziza r util ms, the snowy 
whiteness of JPeziza niiva, the delicate yellow of JPeziza thde- 
boloides , or tho velvety brown of JPeziza repanda. Amongst 
Agarics, tho most noble Agaricus muscarim , with its warty 
orimson pilous, is scarcely eclipsed by the continental orange 
Agaricm eceswrim, The amethystine variety of Agaricm laccatm 
is so common and yet so attractive* whilst some forms and 
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species Russula are gems of brilliant colouring. The golden 
tufts of more than one species of Clavaria are exceedingly 
attractive, and the delicate pink of immature Lycogala ejpiden- 
drvm is sure to command admiration. The minute forms 
which require the microscope, as much to exhibit their colour 
as their structure, are not wanting in rich and delicate tints, 
so that the colour-student would find much to charm him, and 
good practice for his pencil in these much despised examples of 
low life. 

Amongst phenomena might be cursorily mentioned the 
peculiar sarcodioid mycelium of Myxogastres , the development 
of amoeboid forms from their spores, and the extraordinary 
rapidity of growth, as the well-known instance of the Reticularia 
which Schweinitz observed running over iron a few hours after 
it had been red hot. Mr. Berkeley has observed that the creamy 
mycelium of Lycogala will not revive after it has become dry 
for a few hours, though so active before. 
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THE SPORE AND ITS DISSEMINATION. 

A work of this character would hardly bo doomed complete 
without some reference to tho above subject, which has moreover 
a relation to some of tho questions discussed, and particularly of 
spore diffusion in tho atmosphere. Tho largest spore is micro- 
scopic, and tho smallest known scarcely visible under a magni- 
fying power of 3G0 diameters. Taking into account the large 
number of spocios of fungi, probably scarcely loss numerous than 
all tho flowering plants, and tho immense n umber of spores which 
some of tho individuals produce, they must bu exceedingly plen- 
tiful and widely diffused, though from their minuteness not easy 
to bo discerned It has boon attempted to estimate tho number 
of spores which might be produced by one single plant of Lijoo* 
jperdon, hut the number so far exceeds that which tho mind in 
accustomed to contemplate that it scorns scarcely possible to 
roalizo their profusion. Itocont microscopic examinations of the 
common atmosphere* show tho largo quantity of spores that are 
continually suspended. In these investigations it was found that 
spores and similar cells wore of constant occurrence, and wore 
generally present in considerable numbers. That tho majority 
of the cells were living, and ready to undergo development on 
meeting with suitable conditions, was very manifest, as in those 
oases in which preparations wore retained under observation for 
my length of time, germination rapidly took place in many of 
tho cells. In few instances did any development take place, 

* Cunningham, in u Ninth Annual Be port of the Sanitary Comtmgstoaor with 
theOewhmentof Ml*.'* Calcutta, 187 2. 
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beyond the formation of networks of mycelium, or masses of 
toruloid cells, but, in one or two, distinct sporules wore developed 
on tbe filaments arising from some of the larger septate spores ; 
and in a few others, Penicillium and Aspergillus produced their 
characteristic heads of fructification. With regard to the precise 
nature of the spores, and other cells present in various instances, 
little can be said, as, unless their development were to be care- 
fully followed out through all its stages, it is impossible to refer 
them to their correct species or even genera. The greater 
number of them are apparently referable to the old orders of 
fungi, Spheronemei , Melanconei, Torulacei , Dematiei , and Mace- 
dines, while some probably belonged to the Puccinicei and 
CcBomacei, 

Hence it is demonstrated that a large number of the spores 
of fungi are constantly present in the atmosphere, which is con- 
firmed by the fact that whenever a suitable pabulum is exposed 
it is taken possession of by floating spores, and soon converted 
into a forest of fungoid vegetation. It is admitted that the 
spores of such common moulds as Aspergillus and Penicillium 
are so widely diffused, that it is almost impossible to exclude 
them from closed vessels, or the most carefully guarded prepara- 
tions. Special contrivances for the dispersion of the spores in 
the different groups follow a few general typos, and it is only 
rarely that we meet with any method that is confined only to a 
species or genus. Some of the more significant forms of spores 
may he illustrated, with their modes of dissemination. 

Basidiosporbs is a term which we may employ here to desig- 
nate all spores borne at the tips of such supports as are found 
in the Hymenomyceles and Gasteromycetes , to which the name 
of basidia has been given. In fact, under this section wo may 
include all the spores of those two orders, although we may bo 
ignorant of the precise mode in which the fruit of most of the 
Myxogastres is developed/ Guarding ourselves at the outset 
against any misinterpretation as to the use of this term, which, 
in fact, we employ simply to designate the fruit of Hymenomy- 
leUs, we may have excuse in our desire to limit special terms ae 
nnch as possible. In the Agaricini the spores are plentiful, and 
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are distributed over the hymenium or gill plates, the stxrfaco of 
which is studded with basidia, each of which normally ter- 
minates with four short, erect, delicate, thread-like processes, 
each of which is surmounted by a spore. Theso spores are 
colourless or coloured, and it is upon this fact that primary divi- 
sions in the genus Agaricus are based, inasmuch as colour in iho 



Pro. 45.— -Spores of («) Ayannn r Mucidtm , tb) Affitrin t# m (fniatus ; (c) A^rkva 
pascuuB; (d) Ayancu * nidomiut ; (*) Ayrmcu* cmnpeatrii. (Smith.) 

spores appears to bo a permanent feature. In whiiospored specie}* 
the spores are white in all the individuals, not mutable as the 
colour of the pilous, or the corolla in phanerogamic plants. Ho 
also with the pink spewed, rusty sporod, black sporeri, and others 
This may servo to explain why colour, which is ho little* relied 
upon in classification amongst the higher plants, fthoulri bo intro- 
duced as an element of classification in ono of the largest 
genera of fungi. 

There are considerable differences in size and form amongst 
the spores of the AgaHcini , although at first globose; when 
mature thoy are globose, oval, oblong, cJHjdio, fusiform, and 
either smooth or tuborculated, often maintaining in the different 


a b c 



Fia. 40.— Spares of (a) Lctctariu* blmnim; (5) Lucianm fniiyinofut; (c) Lattarim » 
quiet m. (Smith.) 

genera or subgenera ono particular characteristic, or iypieal 
form* It is unnecessary hero to particularize all the xnodiiiua- 
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tions winch the form and colour of the spores undergo in dif- 
ferent species, as this has already been alluded to. The spores 

a (\6 o 

1 Q 

Fig 47.— Spores of (a) Polyporus ccesius ; 

(b) Boletus parasiticus , (c) Hydmm., 

in the Polyyorei^ Hydnei^ Ac., are less variable, of a similar 
character, as in all the Kymenomycetes , except perhaps the 
Tremellmi. 

When an Agaric is mature, if the stem is cut off close to the 
gills, and the pileus inverted, with the gills downwards on a 
sheet of black paper (one of the pale-sporod species is host for 
this purpose), and left for a few hours, or all night, in that 
position, the paper will be found imprinted in the morning 
with a likeness of the under side of the pileus with its radiating 
gills, the spores having been thrown down upon the paper in 
such profusion, from the hymenium, and in greater numbers 
from the opposed surfaces of the gills. This little experiment 
will be instructive in two or three points. It will illustrate the 
facility with which the spores are disseminated, tho immense 
number in which they are produced, and tho adaptability of tho 
gill structure to the economy of space, and tho development of 
the largest number of basidiospores from a given surface. Tho 
tubes or pores in Polyporei, the spines in Hydnei , aro modifies.** 
tions of the same principles, producing a like result. 

In the Gasteromycetes the spores are produced in many cases, 
probably in most, if not all, at the tips of sporophores ; but tho 
hymenium, instead of being exposed, as in the Hymenomyoetes , is 
enclosed within an outer peridium or sac, which is sometimes 
double. The majority of these spores are globose in form, some 
of them extremely minute, variously coloured, often dark, nearly 
black, and either externally smooth or echinulate. In some 
genera, as Pnerthenema, Padhamia , Ac., a definite number of 
spores are at first enclosed in delicate cysts, but these are except 



Fig. 46*.— (a) Spore of Oomphidius 
visezdus, (6) spore of Copnnus micaceus . 
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tions to tie general rule : this also is the case in at least one 
species of Hymenog aster, As the spores approach maturity, it 
may be observed in such genera as Stemonitis , Arcyria, Dutch va, 
Dictydium , Gribraria, Tricilia , &c., that they are accompanied by 
a sort of reticulated skeleton of threads, which re- 
main permanent, and served in earlier stages, doubt- 
less, as supports for the spores ; being, in fact, the 
skeleton of the bymenium. It has been suggested 
that the spiral character of the threads in Trichia 
calls to mind the claters in the Hepaticae, and like 
them may, by elasticity, aid in the dispersion of the 
spores. There is nothing known, however, which 
will warrant this view. When the spores are 
mature, the poridium ruptures either by an external 
orifice, as in Gcaster, Ly coper don, Ac., or by an 
irregular opening, and the light, minute, delicate c O 
spores are disseminated by the slightest breath of ^ 
air. Specimens of G caster and Bovista are easily 
separated from the spot on which they grew; when 
rolling from place to place, the spores are deposited 
over a largo surface. In the Thalloidd the spores rhw 
are involved in a slimy mucus which would prevent their diffu- 
sion in such a manner. This gelatinous substance has uovwiJtfl* 
less a peculiar attraction for insects, and it in not altogether 
romantic to beliovo that in sucking up the fetid slime, they 
also imbibe the spores and transfer them from place to place, 
so that oven amongst ftmgi insects aid in the dissemination of 
species. Whether or not the Myxogastres should be included 
hero is matter of opinion, sinco the mode in which the sperm 
are developed is but little known ; analogy with the Trickogmtr&s 
in other points alone leading to the conclusion that they may 
produce basidiosporos. The slender, elastic stems which sup* 
port the peridk in many species are undoubted aid# to the 
dissemination of the spores.* 

Under the name of Sroosroiiss may bo claimed those spore# 
which in some orders of Goniomycetes are produced at the apex 
* See “Cord* leones,” tab % 
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of short threads, either enclosed in a perithecium, or seated upon 
a kind of stroma. These are exceedingly variable, sometimes 
large, and multiseptate, at other times minute, resembling sper- 
matia. In such genera as are chiefly epiphytal, in Septoria , 
Thyllosticta, and their allies, the minute spores are enclosed 
within membranaceous perithecia, and when mature these are 
ejected from the orifice at the apex, or are exposed by the break- 
ing off of the upper portion of the perithecia. In Diplodia and 
Hendersonia the spores are larger, mostly coloured, often very 

fine in the latter genus? 
and multiseptate, escaping 
from the perithecia by % 
terminal pore. Probably 
the species are only pyc- 
nidia of Spheeriacei, but 
that is of no consequence 
in relation to our present 
inquiry. Of stylospores 
which deserve mention on 
Fig. 49 .— Spore of Fig. 50.— Spores of Dilo- account of their singU- 

denomapolycystis. phosporct gramima, Parity of form, W6 may 

note those of DilopJiospora graminis , which are straight, and 
have two or three hair-like appendages at oach oxtromity. In 
Discosict there is a single oblique bristle at each end, or at 
the side of the septate spores, whilst in JSTeotbwspora a tuft of 




Fig. 51.— Spores of Dticosia. Fig. 52.— Spore of Prosthmium b&tulimm, 

delicate hairs is found at one extremity only. The appendages 
m Dinemasporwm are similar to those of Discosia. The spores 
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in Prosthemium may be said in some sort to resemble compound 
Hender&onia , , being fusiform and multisepiate, often united at 
the base in a stellate manner. In this genus, as in Darluca , 
Gytispora , and the most of those belonging to the Mclancoaici, 
the spores when mature are expelled from the orifice of the 
perithecium or spurious perithecium, either in the form of 
tendrils, or in a pasty mass. In these instances the spores are 
more or less involved in gelatine, and when expelled lie spread 
over the matrix, around the orifice; their ultimate diffusion 
being due to moisture washing them over other parts of the 
same tree, since it is probable that their natural area of 
dissemination is not largo, the higher plants, of which they 
are mostly conditions, being developed on the same branches. 
More must be known of the relations between Melanconium 
and Tulasno’s sphseriacoous genus Melauconis before vu* can 
appreciate entirely the advantage to Melancotiiim and worn* 1 
other genera, that the wide diffusion of their spores should be 
checked by involving them in mucus, or their being agglutinated 
to the surface of the matrix, only to bo softened and diffused by 
rain. The spores in many spec ion amongst the Mdamoimi arc 



Pio, 33.— Hporo of Fig 54 .-fltyloR 7 .wofl of 

HiepmoMpoHum Goryntm i 

crUulatwiii. 



Fm, 05.— Hj**m of AiUrwyortnm 
IfryrtHmfii, 


remarkably fine ; thono of Stegonotporium have the omWbromti 
partite and cellular. In & Itillmpom anti Corgneum the aponm are 
multiseptak), largo, and mostly coloured, la Ai/erotpurium the 
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spores are stellate, whilst in JPestalozzia they are septate, with a 
permanent peduncle, and crested above with two or three hyaline 
appendages. 

The Torulacei externally, and to the naked eye, are very 
similar to the black moulds, and the mode of dissemination will 
be alike in both. The spores are chiefly compound, at first 
resembling septate threads, and at length breaking up into 



Fig. 56 —Spores of Pestalozzia. 



Fag. Ql.—Bispom moTiilioides. 


joints, each joint of which possesses the function of a spore. In 
some instances the threads are connate, side by side, as in Torula 
hysterioides , and in Speira , being concentrically arranged in 
laminae in the latter genus. The structure in SporocMsma is 
very peculiar, the joints breaking up within an external tube or 
membrane. The spores in Sporidesmium appear to consist of 
irregular masses of cells, agglomerated into a kind of compound 
spore. Most of the species become pulverulent, and the spores 
are easily diffused through the air like an impalpable dust* 
They form a sort of link between the stylospores of one section 
of the Ooniomycetes, and the pseudospores of the parasitical 
section. 

PsEUDOSPOftE is, perhaps, the most fitting name which can be 
applied to the so-called spores of the parasitical Ooniomycetes, 
Their peculiar germination, and the production of reproductive 
bodies on the germ tubes, prove their analogy to some extent 
with the proth alius of other cryptogams, and necessitate the 
use of some term to distinguish them from such spores as are 
reproductive without the intervention of a promycelium. The 
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differences between these pseudospores in the several genera are 
confined in some instances to their septation, in others to their 
mode of development. In the JEcidiacei the pseudospores are 
more or less globose, produced in chains within an external 
cellular peridiura. In the Cceomacei they are simple, sometimes 
produced in chains, and sometimes free, with or without a 
caduceous peduncle. In the Ustilaginei they are simple, dark 
coloured, and occasionally attached in subgloboso masses, as 
in Uroci/stis and Thecaphora , which are more or less compact. 

# •• 

Fxo, 88 - PHCudoHporca of Fin. flO. Fwcudofiporos Fin. CO. — P«cudo8|joreii of 

Theevpftom ht/aHva of P uremia. Trip}' rag mi nm. 

In tho Ihiccinlcpi the distinctive features of the genera are based 
upon the more or less complex nature of tho pseudospores, which 




Fia Cl. » PKourtowpomof Phmpmldixm Fxo. tiS.—M'elampitam Matteixa. 

bulhonum. (Wtafett* fruit) 

are bilocular in JPuccinia, irilocular in THphragmlmh mnltilocnkr 
in JP/trapm id ium, &c. In the curious gmm 2’odiioma the agitate 
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psendospores are involved in a gelatinous element. The diffu- 
sion of these fruits is more or less complete according to their 
compact or pulverulent nature. In some species of JBuccinia the 
son are so compact that they remain attached to the leaves long 
after they are dead and fallen. In the genus Melampsora , the 
wedge-shaped winter-pseudospores are not perfected until after 
the dead leaves have for a long time remained and almost rotted 
on the ground. It is probable that their ultimate diffusion is 
only accomplished by the rotting and disintegration of the 
matrix. In the Cceomacei , Ustilaginei , and jEcidiacei the pseudo- 
spores are pulverulent, as in some species of JPuccinia, and are 
easily diffused by the motion of the leaves in the wind, or the 
contact of passing bodies. Their diffusion in the atmosphere 
seems to be much less than in the case of the Hyphomycetes . 
By what means such a species as Puccima malvacearum, which has 
very compact sori, has become within so short a period diffused 
over such a wide area, is a problem which in the present state 
of our knowledge must remain unsolved. It may be through 
minute and plentiful secondary spores. 

Spermatia are very minute delicate bodies found associated 
with many of the epiphyllous Qoniomycetes , and it has been sup- 
posed are produced in conjunction with some of the Splicer iacei, 
but their real function is at present obscure, and the name is 
applied rather upon conjecture than knowledge. It is by no 
means improbable that spermatia do exist extensively amongst 
fungi, but we must wait in patience for the history of their 
relationship. 

Trichospores might be applied better, perhaps, than conidia 
to the spores which are produced on the threads of the JSyplio* 
mycetes. Some of them are known to be the conidia of higher 
plants ; but as this is by no means the case with all, it would be 
assuming too much to give the name of conidia to the whole. 
By whatever name they may be called, the spores of the 
Jlyphomycetes are of quite a different type from any yet men- 
tioned, approximating, perhaps, most closely to the basidiosporos 
of the H ymenomycetes in some, and Gasteromycetes in others j 
as, for instance, in the Sepedoniei and the Trioliodermacei. The 
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form of the spores and their size differ materially, as well as the 
manner in which they are produced on the threads. In many 
they are very minute and profuse, but larger and less plentiful 
in the Dematiei than in the Mucedines. The spores of some 
species of HelmintTiosporium are large and multiseptate, calling 
to mind the spores of the Melanconiei. Others are very curious, 
being stellate in Triposporium , circinate in Helicoma mclJIelico- 
coryne , angular in Gonatosporium , and ciliate in Meninpora eili- 
ata. Some are produced singly and some in chains, and in some 
the threads are nearly obsoleto. In ’Beronospora^ it has been 
demonstrated that certain species produce minute zoospores 
from the so-called spores. The dissemination of the minnto 
spores of the Mucedines through the air is undoubted ; rain also 
certainly assists not only in the dispersion of the spores in 
this as in other groups, but also in the production of zoospores 
which require moisture for that purpose. The form of the 
threads, and the mode of attachment 
of the spores, is far more variable 
amongst the Mucedines than the form 
of the spores, but the latter are in all 
instances so slightly attached to their 
supports as to bo dissevered by the 
least motion. This aids also in the 
diffusion of the spores through the 
atmosphere. 

Sporanoia are produced in the 
JPhysomycetes usually on the tips or Fto ' 
branches of delicate threads, and those when mature dehisce and 
set free the minute sporidia. These are so small and uniform 
in their character that they require but a passing mention. 
The method of diffusion agrees much with that of the Mueedines t 
the walls of the sporangia being usually so thin and delicate 
as to bo easily ruptured. Other modes of fructification, prevail in 
some species by the production of cysts, which are the result of 
conjugation of the threads. These bodies are for the most part 
furnished with thicker and more resistant walls, and the diffusion 
of their contents will be regulated by other circumstances ihm 
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those which influence the dispersion of the minute sporidia from 

the terminal cysts. Probably they are more perennial in their 

character, and are assimilated more to the oogonia of Cy stop us 

and JPeronospora , being rather of the nature of resting spores, 

inasmuch as the same threads usually bear the terminal fruits. 

Thecaspores is* a term which may be applied generally to all 

sporidia produced in asci, but these are in turn so innumerable 

and variable that it will be necessary to treat of some of the 

groups individually. The Thecctspores , for instance, of the Tu - 

leracei offer several features whereby they may be distinguished 

from other thecaspores. The asci in which these sporidia are 

generated mostly partake of a broadly saccate, ovate form. The 

number of sporidia contained in an individual ascus is usually 

less than in the majority of the Ascomycetes , and the sporidia 

approximate more nearly to the globose form. Usually, also, 

they are comparatively large. Many have been figured by 

Corda* and Tulasne.f Three types of spores may be said to 

prevail in the Tuberacei : the smooth spored, 

the warted or spinulose, and the areolate. The 

first of these may be represented by the Ste~ 

pkensia bombycina , in which the globose 

sporidia are quite smooth and colourless. 

Fig. 64. sporidium of The warted sporidia may be observed in 
Genea verrucosa. ~ . n 

Genea verrucosa , the spmulose m Tuber 
nitidum , and the areolate are present in Tuber cestivim and 
Tuber excavatum, in which the epispore is divided into polygonal 
alveoli, bounded by thin, membranaceous, pro- 
minent partitions. This form of sporidium is 
very beautiful. In all no special provision is 
made for the dissemination of the sporidia, 
as, from their subterranean habit, none would 
be available save the ultimate dissolution 
Fig. 05. —Alveolate of the external integuments. As they aro 
e^oridium of Tuber devoured by several animals, it is 

possible that they may be dispersed through tho excrements, 

* Oor&a, “ leones Pungorura,” rol. vi Prague, 
f ftdasne, “Fungi HypogasL” Paris. 
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In the Perisporiaeei the perithecinm has no proper orifice, or 
ostiolum, for the discharge of the mature sporidia, which &T0 
usually small, and are disseminated by the irregular rupture of 
the somewhat fragile conceptacles. The asci are usually mor© 
or less saccate, and the sporidia approximate to a globose form# 
The asci are often very diffluent. In JPerisporium vulgare th4 ; 
ovate brown sporidia are at first, and for some time, attached 
together in fours in a concatenate or beaded manner. In somt, 
species of JErysiphei the conceptacle en- 
closes but a single sporangium, in others 
several, which are attached together at the 
base. In some species the sporangia contain 
two, in others four, in others eight, and in 
others numerous sporidia. In Ch&tomium 
the asci are cylindrical, and in most cases 
the coloured sporidia are lemon-shaped. 

When the conceptacles are fully matured, 
it is commonly the case that the asci arc 
absorbed and the sporidia aro free in the 
interior of the conceptacles. 

Of the floshy Discomycetes the genus 
JBezizn may be taken as the typo. If the 
structure which prevails in this genus bo 
brought to mind, it will bo remembered 
that tho hymenium lines an expanded cup, 
and that the asci are packed together, side 
by side, with their apices outwards, and 
their basos attached to a substratum of colls 
which form the inner layer of the recep- 
tacle. Tho sporidia are usually eight in 
each ascus, either arranged in single or 
double rows, or irregularly grouped to- 
gethflr. The asci aro produced in suceos- ^ 
sion ; the later, pressing themselves upwards and 
between those previously developed, cause w “ (ikudiwj. 
the rupture of tho mature asoi at the apex and the ejection of 
the sporidia with considerable force. When a large Pexixa is 
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observed for a time a whitish cloud will be seen to rise suddenly 
from the surface of the disc, which is repeated again and again 
whenever the specimen is moved. This cloud consists of 
sporidia ejected simultaneously from several asci. Sometimes 
the ejected sporidia lie like frost on the surface of the disc. 
Theories have been devised to account for this sudden extrusion 
of the sporidia, in Ascololus , and a few species of Feziza, 
of the asci also, the most feasible one being the successive 
growth of the asci ; contraction of the cup may also assist, as 
well as some other less potent causes. It may be remarked 
here that the sporidia in Veziza and Helotium are mostly colour- 
less, whilst in Ascobolus they pass through pink to violet, or 
dark brown, and the epispore, which is of a waxy nature, be- 
comes fissured in a more or less reticulated manner. 

The sporidia in Hysierium proper are usually coloured, often 
multiseptate, sometimes fenestrate, and occasionally of consider- 
able size. There is no evidence that the sporidia are ever 
excluded in the same manner as in JPeziza, 
the lips closing over the disc so much as to 
prevent this. The diffusion of the sporidia 
probably depends on the dissolution of the 
asci, and hence they will not be widely 
dispersed, unless, perhaps, by the action of 
rain. 

In Tymp arris, asci of two kinds have been 
observed in some species ; one kind contain- 
ing an indefinite number of very minute 
bodies resembling spermatia, and the other 
0^actZTltfZl, octos l Mrou3 > containin S sporidia of tlie usual 
type. 

The Sjphariacei include an almost infinite variety in the form 
and character of the sporidia. Some of these are indefinite in 
the number contained in an ascus, although the majority are 
eight, and a few less. In the genera Torrubia and Sypocrea the 
structure differs somewhat from other groups, inasmuch as in 
the former the long thread-like sporidia break up into short 
joints, and in the latter the ascus contains sixteen subglobose or 
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subquadrate sporidia. Other species contain linear sporidia, 
which are often the length of the ascus, and may either be simple 
or septate. In Spharia ulnaspora the sporidia are abruptly bent 
at the second joint. Shorter fusiform sporidia are by no means 
uncommon, varying in the number of septa, and in constriction 
at the joints in different species. Elliptic or ovate sporidia are 
common, as are those of the peculiar form which may be termed 
sausage-shaped. These are either hyaline or coloured of some 
shade of brown. Coloured sporidia of this kind are common in 



Fio. 6S, — Aacus and sporidia Fio. 60,— Sporidlum of Pia. 70, —Sporidia of Vctita 
of Hypocrea,. Sphceria irtnaspora, profma (Currey). 


Xylcwia and JETi/pom/lon, as well as in certain species of the section 
Swperficialcs. Coloured sporidia are often large and beautiful a 
they are mostly of an elongated, elliptical form, or fusiform. As 
noteworthy may be mentioned the sporidia of Melanomu lmei~ 
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for mis, those of Ydlsa profusa, and some species of Massaria, 
the latter being at first invested with a hyaline coat. Some 
coloured suoridia have hyaline appendages at each extremity, as 



Fjg. 71— Sporidia of Massana fcedans. Fig. 72.— Sporldium of MelanconU 

* 400. bicovrm > Cooke. 

in Melcmconis IdeTheldii, and an allied species, J\£el(tnconis bicotnis, 
from the United States, also some dung Sphcdries, as 8. Jimisedct, 
included under the proposed genus Sordaria * Hyaline sporidia 
occasionally exhibit a delicate bristle-like appendage at each 
extremity, as in the Vais a thelebola ) or with two additional cilia 
at the central constriction, as in Valsa taleola . A peculiar form 



Fig. 78.— Caudate sporidia of Gpharia Mtieda. Fig. 74— Sporidia of Paha thelebok. 

* of sporidium is present in certain species of Spharia found on 
dtdag, for which the generic name of Sporormia has been pro- 

* Winter, ‘^Die Deutschen Sordariea” (1873). 
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posed, in which, the sporidium (as in JPenaporium vulgare) 
consists of four coloured ovate joints, which ultimately separate. 
Multiseptate fenestrate sporidia are not uncommon in Citcurhi- 



Pro. 75.— Sporidia of Pin, 70.— Spoil- I hi, 77, 

Valm tateola. x 400. dium of. Hporormia 
intermedia . 


taria and JPleospom, as well as in Vaha fenestrata and some other 
species. In the North American Splueria pulami/imi the sporidia 


are extraordinarily large. 

The dissemination of the sporidia 
may, from identity of structure in the 
perithecium, be deemed to follow a like 
method in all. When maturo, they are 
in a groat measure expelled from the 
mouth of the perithocia, as is evident 
in spocies with largo dark sporidia, 
such as exist in the genora llypoxi/lon, 
Melanconie, and Maasaria. In these 
genera the sporidia, on maturity, may 
be observed blackening the matrix 
round the mouths of the peritheeia. 



Wtk 78.— Sporidiiim of 
yutaminum. x 4M, 


As raoisfara has an ovidont effect in producing an expul. 
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sion of spori&ia by swelling tlie gelatinous nucleus, it may 
be assumed that this is one of the causes of expulsion, and 
therefore of aids to dissemination. When Sph&rice are submitted 
to extra moisture, either by placing the twig which bears them 
on damp sand, or dipping one end in a vessel of water, the 
sporidia will exude and form a gelatinous bead at the orifice. 
There 'may be other methods, and possibly the successive pro- 
duction of new asci may also be one, and the increase in bulk 
by growth of the sporidia another ; but of this the evidence is 
scanty. 

Finally, Oogonia may be mentioned as occurring in such 
genera as Peronospora amongst moulds, Cystopus amongst 
Uredines, and the SaprolecjniacecB amongst the Physomycetes . 
The zoospores being furnished with vibratile cilia, are for some 
time active, and need only water in which to disseminate them- 
selves, ahd this is furnished by rain. 

We have briefly indicated the characteristics of some of the 
more important types of spores to be found in fungi, and some 
of the modes by which it is known, or presumed, that their 
dissemination takes place. In this summary we have been com- 
pelled to rest content with suggestions, since an exhaustive essay 
would have occupied considerable space. The variability in the 
fruit of fungi, in so far as we have failed to demonstrate, will bo 
found exhibited in the illustrated works devoted more especially 
to the minute species.* 

* Corda, “leones Fungorum,” 6 vols. (1837-1842); Sturm, u Deutschlands 
Flora,” Pilze (1841); Tulasne, “Selecta Fungorum Carpologia ; ” Bischofi^ 

Kryptogamenkunde ” (1860) ; Oorda, “Anleitung zum Studiura der Myko- 
logie” (1842) ; Fresenius, “BeitrSge zur Mykologie” (1860); Nees von Esen* 
beck, “Das System der Pilze” (1816) ; Bonorden, “ Handbuoh der Allgemeinen 
Mykologie” (1851). 
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©EXAMINATION AND GROWTH. 

In describing the structure of these organisms in a previous 
chapter, tho modes of germination and growth from the spores 
have been purposely excluded and reserved for tho present* It 
may be assumed that the roader, having followed to this 
point, is prepared for our observations by some knowledge of 
the chief features of structure in tho principal groups, and of tho 
main distinctions in tho classification, or at least sufficient to 
obviate any repetition hero. In very many species it is by no 
means difficult to induce germination of the spores, whilst in 
others success is by no means certain. 

M. do Soynes made tho JAymenomycetcs an especial object of 
study, 4 but ho can give us no information on the germination 
and growth of the spore. Hitherto almost nothing is positively 
known. As to the form of the spore, it is always at first 
spherical, which it retains for a long time, while attached to 
the basidia, and in some species, but rarely, this form is final, as 
in Ay. terreus , &c. Tho most usual form is either ovoid or regu- 
larly elliptic. All tho Ooprini havo tho spores oval, ovoid, more 
or loss elongated or attenuated from tho hitum, which is more 
translucont than the rest of tho spore. This last form is rather 
general axnongst the Loucospores, in Amanita, Lepiota, <fcc* At 
other times the spores are fusiform, with regularly attenuated 
extremities, as in Ay. ermineus , Ifi\, or with obtuse extremities, as 

* Seynes, J, de, “ Emi d’ano Flore Myoologi que da la Montpellier,'* && 

am), p. ao. 



138 


FUNGI, 


m Ag. rutilans , Sell. In Jlygrophorus they are rather irregular, 
reniform, or compressed in the centre all round. Hoffmann* has 
given a figure taken from Ag. chlorophanus , and Seynes verified 
it upon Ag. cetaceus , Sow. (See figures on page 121.) 

The exospore is sometimes roughened, with more or less pro- 
jecting warts, as maybe seen in Russula , which much resembles 
Lactarius in this as in some other particulars. The spores of 
the Dermini and the Hygorliodii often, differ much from the 
sphserical form. In Ag. gluteus, Fr., and Ag. phaioceghalus , Bull, 
there is already a commencement of the polygonal form, but the 
angles are much rounded. It is in Ag. sericeus , Ag. rulellus , 
&c., that the polygonal form becomes most distinct. In Dermini 
the angles are more or less pronounced, and become rather acute 
in Ag. murium , Sow., and Ag. ramosus , Bull. The passage from 
one to the other may be seen in the stellate form of the conidia 
of NyctSks. 

It is almost always the external membrane that is coloured, 
which is subject to as much variation as the form. The more 
fine and more delicate shades are of rose, yellow- dun or yel- 
low, violet, ashy-grey, clear fawn colour, yellow-orange, olive- 
green, brick-red, cinnamon-brown, reddish-brown, up to sepia- 
black and other combinations. It is only by the microscope 
and transparency that one can make sure of those tints ,* upon 
a sufficient quantity of agglomerated spores the colour may be 
distinguished by the naked eye. Colour, which has only a slight 
importance when considered in connection with other organs, 
acquires much in the spores, as a basis of classification. 

With the growth of Agarics from the mycelium, or spawn, we 
are not deficient in information, but what are the conditions 
necessary to cause the spores themselves to germinate before our 
eyes and produce this mycelium is but too obscure. In the culti- 
vated species we proceed on the assumption that the spores have 
passed a period of probation in the intestines of the horse, and 
by this process have acquired a germinating power, so that whoa 
expelled we have only to collect them, and the excrement in which 

* Hoflman, “ leones Analytics Fungorum.” 
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they are concealed, and we shall secure a crop.* As to other 
species, we know that hitherto all attempts to solve the mystery 
of germination and cultivation has failed. There are several 
species which it would be most desirable to cultivate if the con- 
ditions could be discovered which are essential to germination.! 
In the same manner the Boleti and Ilydnei — in fact, all other 
hymenomycetal fungi, with the exception of the Tremellini — still 
require to be interrogated by persevering experiment and close 
inquiry as to their mode of germination, but more especially as 
to the essential conditions under which alone a fruitful mycelium 
is produced. 

The germination of the spore has been 
observed in some of the Tremellini . 

Tulasne described it in Tremella vio - 
lacea.l Those spores are wliito, unilo- 
cular, and filled with a plastic matter 
of homogeneous appearance. From some 
portion of their surface an elongated 
germ filament is produced, into which 
the contents of the reproductive cell paws 
until quite exhausted. Other spores, 
perhaps more abundant, have a very 
different kind of vegetation. From 
their convex side, more rarely from the \ l h 

outer odgo, thoso particular spores omit a \f( 
a conical process, generally Sorter than Plo , :9 '. (a)lfcMffclto(mrtm)0nB 
themsolvos, and directed perpendicularly of HsUth* npkvimi; (6) CmaU 
to the axis of their figure. This appem- 

dago becomes filled with protoplasm at the expense of the 

* The spores of Agarics which are devoured by flies, however, though returned 
in their dung in an apparently perfect state, aro quite effete. It is, we believe, 
principally by the Syrphida, which devour pollen, that fungus gpoim are ctm* 
atimed, 

t All attempts at Chiswick failed with some of the more esculent specif*.#, and 
Mr. Ingram at Balvoir, and the late Mr. Henderson at Milton, were unsuccessful 
with native and imported spawn. 

t Tulasne, “On the Organization of the Tremeiliny* “Ana. des, Bel. Nat/* 
ifir, xix* <1803), p. 133. 
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spore, and its free and pointed extremity finally dilated into 
a sac, at first globose and empty. This afterwards admits 
into its cavity the plastic matter contained in its support, 
and, increasing, takes exactly the form of a new spore, 
without, however, quite equalling in size the primary or 
mother spore. The spore of the new formation long retains its 
pedicel, and the mother spore which produced it, but these 
latter organs are then entirely empty and extremely transparent. 
Sometimes two secondary spores are thus engendered from the 
same spore, and their pedicels may be implanted on the same or 
on different sides, so as to be parallel in the former case, and 
growing in opposite directions in the latter. The fate of these 
secondary spores was not determined. 

In Bacrymyces deliquescent are found mingled amongst the 
spores immense numbers of small round or ovoid unilocular 
bodies, without appendages of any kind, which long puzzled 
mycologists. Tulasne ascertained that they are derived from 
the spores of this fungus when they have become free, and rest 
on the surface of the hymenium. Each of 
the cells of the *spore emits exteriorly one 
or several of those corpuscles, supported on 
very short slender pedicels, which remain 
after the corpuscles are detached from 
them. This latter circumstance evidences 
that new corpuscles succeed the firstborn 
one on each pedicel as long as there remains 
any plastic matter within the spore. The 
latter, in fact, in consequence of this 
spore and *(ai)" corpuscles 11 ^ labour of production, becomes gradually 
Bacrymyces deliquescent, emptied, and yot preserves the generative 

pedicels of the corpuscles, even when it no longer contains any 
solid or coloured matter. Those pedicels are not all in the same 
plane, as may be ascertained by turning the spore on its longi- 
tudinal axis ; but it often seems to be so when they are looked 
at in profile, on account of the very slight distance which then 
separates them one from anothor. It will also be remarked that 
they are in this case often implanted all on the same side of the 
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reproductive body, and most often on its convex side. Their 
fecundity is exhausted with the plastic contents of the spore. 
The corpuscles, when placed in the most favourable conditions, 
have never given the least sign of vegetation ; they havo also 
remained for a long time in water without experiencing any 
appreciable alteration. 

All the individuals of Dacrymyces deliquescem do not produce 
these corpuscles in the same abundance ; those which boar the 
most are recognizable by the pale tint of the reproductive dust 
with which they are covered ; in others, where this dust preserves 
its golden appearance, only a few corpuscles are found. The 
spores which produce corpuscles do not appear at all apt to 
germinate. On the other hand, multitudes of spores will germi- 
nate which had not produced any corpuscles. Tulasne remarks 
on this, that those observations would authorize us to think that 
all spores, though perfectly identical to our eyes, have not, 
without distinction, the same fate, nor doubtloss the same nature ; 
and, in tho second place, that those two kinds of bodies, if they 
are not always isolated, yet are most frequently met with on 
distinct individuals. This author claims for tho corpuscles m 
question that they arc spermatia, and thinks that their origin is 
only so far unusual in that they proceed from veritable spores. 

The whole of the Gastercmycetes have as yet to bo challenged 
as to the mode and conditions of germination and development. 
It is probable that those will not materially differ from those 
which prevail in Uymenomycetee . 

Tho germination in JEJcidium has been followed out by Tulasne,* 
either by placing tho pseudospores in a drop of water, or confining 
thorn in -a moist atmosphere, or by placing the leaves on which 
tho Mcidium flourishes upon water. Tho psemdoeporoH plunged 
in water gorminated more readily than tho others. If the con- 
ditions were favourable, germination would take pjjuso in a few 
hours. JtUcidium Banunculacecirum , D. 0., on loaves of figworfc, 
gives rarely more than one germinating filament, which soon 
attains three times the length of tho diameter of tin* psoudosporo. 
This filament generally remains simple, sometimes toruloso, and 
* Maane, “M6moin> star Im 



142 


FUNGI. 


distorted in a long spire. Sometimes it has been seen divided 
into two branches, nearly equal to each other. The spore in 
germinating empties itself of its plastic contents, contracts, and 
diminishes in size. The psendospores of JEcidium crassum , P., 
emit three long filaments, which describe spirals, imitating the 
twistings of the stem of a bean or bindweed. In Moidium Violce, 
Schum, one filament is produced, which frequently rolls up its 
anterior extremity into a spire, but more often this same extremity 
rises in a large ovoid, irregular vesicle, which continues the axis 
of the filament, or makes with it a more or less decided angle. 
In whatever manner placed, this vesicle attracts to it all the 
orange protoplasm, and hardly does this become settled and 
complete before the vesicle becomes the starting point of a new 
development, for it begins to produce at its apex a filament, 
more slender than the previous one, stiff, and unbranched. 


According to M. Tulasne, the germination of the pseudospores 
of Mcidiwm Euphorbia on 'Euphorbia sylvatica differ in some 



Fig. 81 . —Germination of 


respects from the preceding. When dropped 
upon water these spores very soon emit a 
short tube, which ordinarily curves in an 
arch or circle, almost from its origin, attain- 
ing a length of from three to six times the 
diameter of the spore ; then this tube gives 
rise to four spicules, each of which pro- 
duces a small obovate or reniform sporule ; 
the generation of theso sporules absorbs all 
the plastic matter contained in the germ- 
tube, which permits of the observation that 
it was divided into four cells correspond- 
ing with the number of spicules. These 
sporules germinate very rapidly from an 


McidiimJSuphortya (syiva- indefinite point of their surface, emitting a 
wm), Tulasne. filiform process, which is flexuous and very 


delicate, not extending more in length than three times that of 


the long axis of the sporule, often less, reproducing at its 


snmmit a new sporule, differing in form and size from that 
which preceded it. This sporule of the second formation be- 



TERMINATION AND GROWTH. 


143 


comes at its apex a yital centre, and sprouts one or more linear 
buds, of -winch the elongation is occasionally interrupted by the 
formation of vesicular swellings. As Tulasne observes, the 
pseudosporcs of the JEcidium and the greater number of Uredines 
are easily wetted with water before arriving at maturity ; but 
when they are ripe, on the contrary, they appear to be clothed 
with a greasy matter which protects them from the liquid, 
forcing them almost all to rest on the surface. 

The pseudosporcs of Rcestelia arc produced in strings or chap- 
lets, as in JEcidium , with this difference, that instead of being 
contiguous thoy are separated by narrow isthmuses. The ripe 
pseudosporcs are enveloped in a thick tegument, of a dark brown 
colour, Thoy germinate readily on water, producing a filament 
fifteen times as long as the diameter of the spore. This filament 
is sometimes rolled or curved. Towards its extremity it exhibits 
protuberances which resemble the rudiments of ramuli, or they 
terminate in a vosicle which gives rise to a slender filament. 
The tegument of these pseudosporos, above all in those which 
have germinated, and have consequently become more trans- 
parent, it is easy to sco lias many pores, or round ostioles. 

In Eeridermium tho pseudosporcs, when dropped upon water, 
germinate at any point of their surface. Sometimes two unequal 
filaments issue from the same spore. After forty-eight hours 
of vegetation in the air, the greater port had already omitted a 
multitude of thick little branches, themselves either simple or 
branchod, giving to the filaments a peculiar aspect Tulasne did 
not on any occasion observe tho formation of secondary frpoim 

In the Uredinos proper the germination seems to be some- 
what similar, or at least not offering sufficient differences to 
warrant special reference in Vrcdo, Trichobam, Leayihea, Ac. 
In Oohosporium thore are two kinds of spores, one kind consist* 
ing of pulverulent single cells, and tho other of olongated w*p- 
tate colls, which break up into obovato joints. Soon after tho 
maturity of tho pulverulent spores, each begins to omit a long 
tube, which is habitually simple, and produces at Its summit a 
reproductive cellule, or ron iform sporale. The orange protoplasm 
passes ©long the colourless tubes to the terminal sporale at the 
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end of its vegetation. The two forms of spores in this genus 
are constantly found on the same leaf, and in the same pulvinule, 
hut generally the pulverulent spores abound at the commence- 
ment of the summer. The reniform sporules begin to germinate 
in a great number as soon as they are free ; some few extend a 




Fig. 82 —Germinating pseudospores of Fig. 83.— Gemmating psetidospore (6) of 
(b) Coleoiponum Sonchi, {« s) secondary Melampso 1 ) a bctullna (Tulasne). 

spores, or sporules (Tulasne). 


filament which remains simple and uniform, but more commonly 
it forms at its extremity a second sporule. If this does not 
become isolated, to play an independent life, the filament is 
continued, and new vesicles are repeated many times. 

In Melampsora the summer spores are of the Lecythea type, 
and were included in that genus till their relation with Melamp~ 
sora was clearly made out. The winter spores are in solid 
pulvinules, and their fructification takes place towards the end 
of winter or in the spring. This phenomenon consists in the 
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production of cylindrical tubes, which start from tho upper 
extremity of the wedge-shaped spores, or more rarely from the 
base. These tubes are straight or twisted, simple or bifurcated, 
and each of them very soon emits four monos porous spicules, at 
the same time that they become septate. The sporules are in 
this instance globose. 

In TJromyces germination follows precisely 
the same typo as that of the upper cell of 
Puccinia ; in fact, Tulasne states that it is 
very difficult to say in what they differ from 
the Puccinics which are accidentally unilo- 
cular. 

In CJy stop us a more complex method pre- 
vails, which will be examined more closely 
hereafter. 

In Puccinia , as already observed when 
describing their structure, tho psoudospores 
are two-colled. From the pores of each coll, 
which are near tho central soptum, springs 
a clavate tube, which attains two or throe 
times the total length of the fruit, and of 
which the very obtuse extremity curves 
more or less in tho manner of a crossier.* 

This tube, making a perfectly uneoloured 

, ~ x . * „ . , n*. — vrviiujiHtuuK 

transparent membrane, is hllod with a <>i 

granular and vory palo plastic matter at (Tulwoo.) 

the expense of tho generative cell, which is 
soon rendered vacant; then it gives rise to four spicules, usually 
on the same side, and at the summit of these produces a roxn- 
form cellule. The four sporules so engendered exhaust all tho 
protoplasm at first contained in tho generative cell, m that their 
united capacity proves to bo evidently nmoli insufficient to coxi- 
tain it, tho more so as it leads to the belief that this mutter 
undergoes as it condenses an elaboration which diminishes its 
size. In all cases tho spicule originates before the sporulo which 
it carries, and also attains its full length when tho sporub up- 
* TuUsne, in his “Heraoirs on the Omline#.” 
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pears. The form of the latter is at first globular, then ellipsoid, 
and more or less curved. All these phases of vegetation are 
accomplished in less than twelve hours, and if the spore is 

mature and ready for germina- 



Fig. 85.— Germinating pseudosporo of 
Plummet, Mohmce. (Tulasne ) 


tion, it is sufficient to provoke it 
by keeping the pseudospores in a 
humid atmosphere. During this 
process the two cells do not sepa- 
rate, nor does one commence ger- 
mination before the other, but 
both simultaneously. When the 
sporules are produced, the proto - 
spore, somewhat analogous to a 
prothallus, has performed its 
functions and decays. Towards 
the time of the falling of the 
sporules they are nearly all 
divided into four unequal cells 


by transverse and parallel septa. ‘ 
These sporules in time produce, from any point on their surface, 


a filament, which reproduces 



Tlq. 88.— Germinating pseudospore o 
Tnyhreegmlum, uUmries. (Tulasae.) 


new sporule, resembling the first, 
but generally smaller. This 
sporule of the second genera- 
tion ordinarily dotaches itself 
from its support before germi- 
nating. 

The pseudospores of Trvphrag* 
mium ulmanos have been seen in 
April germinating on old leaves 
of the meadowsweet which sur- 
vived the winter, whilst at the 
same time new tufts of the spores 
were being developed on the 
leaves of the year. These fruits 
of the spring vegetation would 
not germinate the same year* 


Bach cell in germination emits a long cylindrical filament, con- 



GERMINATION AND GROWTH. 


147 


taining a brownish protoplasm, on which four spicules, bearing 
as many spornles, are generated. 

The germination of the black fruits of Jdhragmidium only ap- 
pears to take place in the spring. It greatly resembles that in 
Puccinia , except that the filament is shorter, and the sporules 
are spherical and orange-coloured, instead of being kidney- 
shaped and pale. In the species found on tho leaves of the 
common bramble, the filament emitted by each cell attains three 
or four times the length of the fruit. The 
granular orange , protoplasm which fills it 
passes ere long into the sporules, which 
are engendered at the extremity of pointed 
spicules. After the long warty fruits are 
emptied of their contents they still seem 
as dark as before, but the pores which are 
pierced in the sides, through which the 
germinating filaments have proceeded, are 
more distinctly visible. 

It will bo observed that throughout all 
these alliod genera of Uromycns, Jfawainia, 

Tripliragmium, and JPhragmidium tho same 
typo of germination prevails, which confirms 
tho accuracy of their classification togethor, 
and renders still less probable tho sup- 
posed affinity of Phragmidium with Spori - 
desmium, which was at one time hold by 
very astute mycologists, but winch is now 
abandoned. This study of germination (Tukoim>.) 

loads also to a very definite conclusion with regard to the gonna 
Uromyces — that it is much more closely related to JPticcinia and 
its immediate allies than to other unicellular Urodines. 

# The germination of the psoudosporos of tho gelatinous Ure- 
dines of the genus JPodisoma was studied, by Tulasrto.* These 

. * Berkeley has lately published a specie* under the name of P. mihtl, 
jta which the gelatinous element is scarcely discernible till the plant h moistened, 
There are two septa in this species, and another species or form has lately been 
received from Mr. Bills which has much, shorter pedicels, and resembles more 
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pretended spores, he writes, are formed of two large conical cells, 
opposed by their base and easily separating. They vary in length. 
The membrane of which they are formed is thin and completely 
colourless in most of them, though much thicker and coloured 
brown in others. It is principally the spores with thin mem- 
branes that emit from near the middle very obtuse tubes, into 
which by degrees, as they elongate, the contents of the parent 
utricles pass. Each of the two cells of the supposed spore may 
originate near its base four of these tubes, opposed to each other 
at their point of origin, and their subsequent direction ; but it is 
rather rare for eight tubes, two by two, to decussate from the 
same spore or basidium. Usually there are only two or three 



Fig. 88 — Gorminatmg pseudospores of Podisoma Jmiperi. (Tulasno.) 

which are completely developed, and these tend together towards 
the surface of the fungus, which they pass, and expand at liberty 
in the air. The tubes generally become thicker by degrees as 
they elongate, some only slightly exceeding the length of the 
protospores. Others attain three or four times that length, 
according to the greater or less distance between the protospore 
and the surface of the plant. In the longest tubes it is easy to 
observe how the colouring matter passes to their outer extremity, 

closely Pucomia, from which it is chiefly distinguished by its revivescent 
character. 
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leaving the portion nearest to the parent cell colourless and 
lifeless. When nearly attaining their -ultimate dimensions, all 
the tubes are divided towards their outer extremity by transverse 
septa into unequal cells ; then simple and solitary processes, of 
variable length and form, but attenuated upwards, proceed from 
each segment of the initial tube, and produce at their extremity 
au oval spore (teleutospore, Tul.), which is slightly curved and 
unilocular. These spores absorb all the orange endochrome from 
the original tubes. They appear in immense numbers on the 
surface of the fungus, and when detached from their spicules 
fall upon the ground or on any object which may bo beneath 
them. So freely are they deposited that they may be collected 
on paper, or a slip of glass, like a fine gold-coloured powder. 
Again, these secondary spores (toleutosporos) are capable of 
germination, and many of them will be found to have germinated 
on the surface of the JPodisoma whence they originated. The 
germ filament which they produce springs habitually from the 
side, at a short distance from the hilum, which indicates the 
point of attachment to the original spicule. These filaments 
will attain to from fifteon to twenty times the diameter of the 
spore in length beforo branching, and are in themselves exceed- 
ingly delicate. The tubes which issue from the primaiy spores 
(protospores, Tul.) are not always simple, but sometimes forked ; 
and the colls which are ultimately formod at thoir extremities, 
though producing filiform processes, do not always generate 
secondary spores (toleutosporos) at thoir apices. This mode of 
germination, it will be seen, resembles greatly that which takes 
place in JPuccima, 

The germination of the Ustilaginos was in part examined by 
Tulasne, but since has received accessions through the labours 
of Dr, A. Fischer von Waldheim,* Nothing, however* of any 
importance is added to our knowledge of the germination of 
Tilletia , which was made known as early as 1847.+ After some 

* Von Waldheim, on the “ Development of the tfstilaginea;,” in “ Pringsheim's 
Jahrktcher,” vol. vii. (1809) ; translated in “ Transactions of N. Y, State 
Agricultural Society for 1870.” 

+ Berkeley, on the “ Propagation of Bunt,” in “ Trans, Hort* See. London,*' 
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days a little obtuse tube is protruded through the epispore, 
bearing at its apex long fusiform bodies, which are the sporules 
of the first generation. These conjugate by means of short 
transverse tubes, after the manner of the threads of Zygnema. 

Afterwards long elliptical 
sporules of the second gene- 
ration are produced on short 
pedicels by the conjugated 
fusiform bodies of the first 
generation. (Fig. 89, s$.) 
Ultimately these sporules of 
the second generation germi- 
nate, and generate, on short 
spicules, similar sporules of a 
third generation. (Fig. 89, 
st.) 

In TTstilago ( flosculortm ) 
germination takes place 

Fro. 89.— Germinating pseudospore (g) of readily in warm weather. The 
Tilletia caries with secondary spores in con- germ tube is rather Smaller 
3 ngation, (Tui ) fts base than further on. In 

from fifteen to eighteen hours the contents become coarsely 
granular ; at the same time little projections appear on the 
tube which are narrowed at the base, into which some of the 
protoplasm passes. These ultimately mature into sporules. 
At the same time a terminal sporule generally appears on the 
threads. Secondary sporules frequently grow from the primary, 
which are rather smaller, and these occasionally give rise to a 
third generation. 

In TJrocystis (pompkolygodes) the germinating tubes spring 
exclusively from the darker central cells of the clusters. From 
these are developed at their extremity three or four linear 
bodies, as in Tilletia, but after this no further development has 
as yet been traced. It maybe remarked here that Waldheim 
observed similar conjugation of the sporules in some species of 

fi. ( 184 ^), p. 113 ; iVlasne, second memoir, in “Ann. &es. Sci. N&t/'ii. (4°** 
$&•)> P* W i Cooke, in “ Journ, Quekett Micro. Olnfi/'i. p. I/O. 
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Fro. 90.— Pscudofsporo of Until rnjo iwp- 
tneuloruid in germination, and rocomlary 
sporoH in conjugation. (Tul.) 

which are developed on the 
of the foster plant. When the 


Tfstilago as have been remarked in the sporules of the first 
generation in Tilletia . 

Returning to Cystopus , as the last of the Uredines, wo must 
briefly recapitulate the observations made by Professor do Bary,* 5 * 
who, by the bye, claims for them an affinity with Feromspora 
(Mucedines but too well known ' 

in connection with the potato 
disease), and not with the Ure- 
dines and their allies. In this 
genus there are two kinds of 
reproductive organs, those pro- 
duced on the surface of the plant 
bursting through the cuticle in 
white pustules, and which I)e 
Bary terms conidia , which are 
generated in chains, and certain 
globose bodies termed oogonia. 
mycelium in the internal tissues 
conidia are sown on water they rapidly absorb tho moisture, and 
swell; the centre of one of tho 
extremities soon becomes a large 
obtuse papilla resembling the 
neck of a bottle* This is fillod 
with a granular protoplasm, in 
which vacuoles arc formed. 

Soon, however, those vacuoles 
disappear, and very fine lines of 
demarcation separate the pro- 
toplasm into from five to eight Fia 9i.--OouldU and wcm&mm «f fa* 
polyhedne portions, each pro- pWu. divided ; b. mm&trw wimkiw ; 
anting a little faintly-coloured £ 3KEWW 
vacuole in tho centre (a). Soon ° m ' <*a***^ **«“*»^ 
after this division the papilla at the extremity swells, opens itself, 
and at the same time the five to eight bodies which had formed 
ha the interior are expelled one by one (b). These are zoospores, 

*I>e Bary, " Recherche*/’ &o. in “ Annalee des Soieaoes Naturclks ” (b m 
xx. j>. 5 ; Cooke in « Pop. 8cL Re^ ” EL (1854), p> 450. 
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which at first take a lenticular form, and group themselves befoi 
the mouth of the parent cell in a globose mass ( c .) Very sooi 
however, they begin to move, and then vibratile cilia show then 
selves ( d ), and by means of these appendages the entire globul 
moves in an oscillating manner as one by one the zoospore 
disengage themselves, each becoming isolated and swimminj 
freely in the surrounding fluid. The movement is preeisel 
that of the zoospores of Algse. 

The generation of the zoospores commences within from ai 
hour and a half to three hours after the sowing of the conidia 01 
water. From the oogonia, or resting spores, similar zoospores 
but in greater number, are generated in the same manner, anc 
their conduct after becoming free is identical. Their movements 
in the water usually last from two to three 
hours, then they abate, the cilia disappear, 
and the spore becomes immovable, takes a 
globose form, and covers itself with a 
membrane of cellulose. Afterwards the 
spore emits, from any point whatever of its 
surface, a thin, straight or flexuous tube, 
which attains a length of from two to ten 
times the diameter of the spore. The ex- 
tremity becomes clavate or swollen, after 
Fro. Resting spore tlie manner of a vesicle, which receives by 
of Ci/stopvs cnndidus witk degrees the whole of tho protoplasm, 
zoospores escaped. D e Bary then proceeds to describe experi- 

ments which ho had performed by watering growing plants 
with these zoospores, the result being that the germinating 
tubes did not penetrate the epidermis, but entered by the 
stomates, and there put forth an abundant mycelium which 
traversed the intorcollular passages. Altogether tho germina- 
tion of those conidia or zoospores offers so many differences 
from the ordinary germination of tho Uredines, and is so like 
that which prevails in Peronospora , in addition to the fact of 
both genera producing winter spores or oogonia, that we cannot 
feel surprised that tho learned mycologist who made these 
observations should claim for Cystopw an affinity with Perono- 
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spora rather than with the plants so long associated with it 
amongst the Coniomycetes . 

In passing from these to the Mucedines , therefore, we cannot 
do so more naturally than by means of that genus of white 
moulds to which we have just alluded. The erect branched 
threads bear at the tip of their branchlets spores, or conidia, 
which conduct themselves in a like manner to the organs so 
named in Cystopus , and oogonia or resting spores developed on 
the mycelium within the tissues of the foster plant also give 
origin to similar zoospores. 

The conidia are borne upon erect, elongated filaments, origi- 
nating from the creeping mycelium. These threads are hollow, 
and rarely septate; the upper portion divided into numerous 
branches, and these again are subdivided, the ultimate ramuli 
each terminated by a single conidium. This body when mature 
is oval or elliptical, filled with protoplasm, but there is a diver- 
sity in their mode of germination. In the greater part, of 
which P. effusa may bo taken as an example, the conidia have 
the function of simple spores. Placed in favourable conditions, 
each of them puts forth a germ-tubo, the formation of which 
doos not differ in any essential point from what is known of tho 
spores of tho greater part of fungi. 

Tho short oval conidia of P. gangliformis have little obtuse 
papilla? at their apex, and it is at this point that germination 
commences. 

The conidia of P. dema arc similar, but tho germination is 
different. When placed in a drop of water, under favourable 
circumstances, tho following changes may be observed in from 
four to six hours. Tho protoplasm, at first uniformly distributed 
in all the conidia, appears strewn with scmi-lenticular, and nearly 
equidistant vacuoles, of which tho piano face is immediately in 
contact with the periphery of the protoplasm* Those vacuoles 
number from sixteen to eighteen in P. maorocarpa , but are less 
numerous in P. dema. A short time after the appearance of the 
vacuoles tho entire conidium extends itself so that the papilla 
disappears. Suddenly it reappears, elongates itself, its attenu- 
ated membrane vanishes, and tho protoplasm is expelled by 
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the narrow opening that remains in place of the papilla. In 
normal cases the protoplasm remains united in a single mass that 
shows a clear but very delicate outline. When it has reached 
the front of the opening in the conidium, which is thus emptied, 
the mass remains immovable. In P. densa it is at first of a very 
irregular form, but assumes by degrees a regular globose shape. 
This is deprived of a distinct membrane, the vacuoles that disap- 
peared in the expulsion again become visible, but soon disappear 
for a second time. The globule becomes surrounded with a 
membrane of cellulose, and soon pats out from the point oppo- 
site to the opening of the conidium a thick tube which grows in 
the same manner as the germ- tube of the conidia in other 
species. Sometimes the expulsion of the protoplasm is not com-r 
pletely accomplished ; a portion of it remaining in the membrane 
of the conidium detaches itself from the expelled portion, and 
while this is undergoing changes takes the form of a vesicle, 
which is destroyed with the membrane. It is very rare that the 
protoplasm is not evacuated, and that the conidia give out ter- 
minal or lateral tubes in the manner that is normal to other 
species without papilla. The germination just described does 
not take place unless the conidia are entirely surrounded by water , 
it is not sufficient that they repose upon its surface. Besides, 
there is another condition which, without being indispensable, 
has a sensible influence on the germination of P. macrocar^a^ and 
that is the exclusion of light. To ascertain if the light or the 
darkness had any influence, two equal sowings were placed side 
by side, the one under a clear glass bell, the other under a 
blackened glass bell. Repeated many times, these experiments 
always gave the same result— germination in from four to six 
hours in the conidia under the blackened glass ; no change in 
those under the clear glass up . to the evening. In the morning 
germination was completed. 

The conidia of P. umbelliferarum and P. infest am * show 
an analogous structure. These bodies, if their development be 
normal, become zoosporangia. When they are sown upon water, 
one sees at the end of some hours the protoplasm divided by 
* This is the mould which produces the potato murrain. 
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very fine lines, and each of the parts furnished with a small 
central vacuole. Then the papilla of the conidium disappears. 
In its place appears a rounded opening, by which the parts of 
the protoplasm are expelled rapidly, one after the other. Each 
of these, when free, immediately takes the form of a perfect 
zoospore, and commences to agitate itself. In a few moments 
the sporangium is empty and the spores disappear from the field 
of the microscope. 

The zoospores are oval or semi-oval, and in P. infestans the 
two cilia spring from the same point on the inferior border of 
the vacuole. Their number in a sporangium are from six to six- 
teen in P. infesta7is , and from six to fourteen in P. umbelUJe* 
rarwm. The movement of the zoospores ceases at the end of 
from fifteen to thirty minutes. They become motionless, cover 
themselves with a membrane of cellulose, and push out slender 
bent germ-tubes which are rarely branched. It is but seldom 
that two tubes proceed from the same spore. The same de- 
velopment of tho zoospores in P. infestans is favoured by the 
exclusion of the light. Placed in a position moderately lighted 
or protected by a blackened boll, the conidia very readily pro- 
duced zoospores. 

A second form of germination of the conidia in P. infestam , 
when sown upon a humid body or on the surface of a drop of 
water, consists in the conidium emitting from its summit a 
simple tube, the extremity of which swells itself into the form 
of an oval vesicle, drawing to itself, little by little, all the pro- 
toplasm contained in the conidium. Then it isolates itself from 
the germ-tube by a septum, and takes all tho essential character- 
istics of the parent conidium. This secondary conidium can 
sometimes engender a third cellule by a similar process. These 
secondary and tertiary productions have equally the character of 
sporangia. When they are plunged into water, the ordinary pro- 
duction of zoospores takes place. 

Lastly, there is a third mode of germination which tho conidia 
of P. tyfe&tam manifest, and which oonsists in the conidium 
emitting from its summit a simple or branched germ- tube. This 
grows in a similar manner to the conidia first named as of snob 
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spocies as P. effusa. Tho conditions which control this form 
of germination cannot be indicated, since some eonidia which 
germinate after this manner will sometimos bo found mixed 
with others, the majority of which furnish zoospores. It may- 
be that the eonidia themselves are in some sort of abnormal 
condition. 

In all tho species examined tho eonidia possess tho power of 
germination from tho moment of their maturity. The younger 
they are the more freely they germinate. They can retain this 
power for some days or weeks, provided they are not entirely 
dried. Dessication in an ordinary temperature seemed sufficient 
to destroy tho faculty of germinating in twenty-four hours, when 
the eonidia had been removed from the leaves on which they 
were producod. They none of them retained the faculty during 
a few months, hence they cannot preserve it during the wintor, 

Tho germs of Feronospora enter the foster plant if tho spores 
arc sown upon a part suitable for the development of the 
parasite. It is easy to convince one’s self that the mycelium, 
springing from tho penetrating germs, soon takes ail the 
characters that are found in the adult state. Besides, when 
cultivated for some time, conidiiphorons branches can be soon 
growing, identical with those to which it owes its origin. Such 
cultivation is so readily accomplished that it can be made upon 
cut loaves preserved fresh in a moist atmosphere. 

In tho species of Ferononpora that inhabit perennial plank, or 
annual plants that last through the* winter, the mycelium hidden 
in tho tissues of tho foster-plant lusts with if. In tho spring it 
recommences vogotatiou, and emits its branches into tho nowly- 
forraed organs of its host, there to fructify. The Ferotmpnra 
of the potato is thus poronnhil by means of its mycelium con- 
tained in tho browned tissue of the diseased tubers. When in 
the spring a diseased potato begins to grow, tho mycelium rises 
in the stalk, and soon betrays itself by blackish #pots. The 
parasites can fructify abundantly on those little stalks, and in 
consequence propagate themselves in the now season by the 
eonidia coming from tho vivacious mycelium. 

The diseased tubers of the potato always contain the myoe- 
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Hum of P. infesians , which never fructifies there as long as tho 
skin of the tuher is intact. But when, in cutting the tuber, tho 
parenchyma occupied by the mycelium is exposed to the contact 
of the air, it covers itself with conidia-bearing branches at the 
end of from twenty-four to forty-eight hours. Analogous results 
are obtained with the stalks of the potato. It is evident that 
in these experiments nothing is changed except the contact of 
the air; the specific conditions particularly remain tho same. 
It appears, therefore, that it is this contact alone which deter- 
mines generally tho production of the conidiiferous branches.* 
The mode of germination and development in tho Mucors has 
been studied by several observers, but most recently by Van 
Tieghem and Le Monnier.f In one of tho common forms, the 
Mucor phy corny ces of some authors, and tho Fhycomyccs nitens 
of others, the process is given in detail. In this species germi- 
nation will not take place in ordinary water, but it readily takes 
place in orango juice and other media. The spore loses colour, 
swells, and absorbs fluid around it until doublo its original sisse 
and ovoid. Then a thick thread is emitted from one or both 
extremities, which elongates and becomes branched in a pinnate 
manner. Sometimes tho exosporo is ruptured and detached 
loosely from the germinating spore. After about forty-eight 
hours from tho first sowing, tho mycelium will send branches 
into the air, which again becomo abundantly branched; other 
short submerged branches will also remain simple, or have tuft- 
liko ramifications, each terminating in a point, ho as to bristle 
with spiny hairs. In two or three clays abruptly swollen 
branches, of a club shape, will make their ap{>oaranco on the 
threads both in tho air and in tho fluid. Sometimes these 
branches are prolonged into an equal number of sporangia- 
bearing threads, but most frequently they divide first at thoir 
swollen summits into numerous branches, of which usually one, 

*DeBary, “Champignons parasitifiuos,” in “Annules des Bel. Nat.” (4 we 
s4r.), xx. p. 5 ; Cooke, “Microscopic Fungi,” cap. xi. p. 1S8 ; “ Popular Science 
Review,” ill 193 (1864). 

t Van Tieghem and Le Monnier, “Researches on Muoorini,” in “Ann. den 
Bci. Nat.” (1873), xvihp. 261 ; Summary in “Quart. Jonra. Micro. Science” 
(2ml ser*), xxv. p» 49* 
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sometimes two or three, develop into sporangia-bearing threads 
while the rest are short, pointed, and form a tuft of rootlets 
Sometimes these rootlets reduce themselves to one or morc 
rounded protuberances towards the base of the sporangia-bear- 
ing threads. 

There are often also a certain number of the branches 
which had acquired a clavate shape, and do not erect 
themselves above the surface, instead of producing a fertile 
thread, which would seem to have been their first intention, 
become abruptly attenuated, and are merely prolonged into a 
mycelial filament. Although in other species chlamydospores 
are formed in such places on the mycelium, nothing of the kind 
has been traced in this species, more than here indicated. Occa- 
sionally, when germination is arrested prematurely, certain 
portions of the hyphm, in which the protoplasm maintains its 
vitality, become partitioned off. This may be interpreted as a 
tendency towards the formation of chlamydospores, but there is 
no condensation of protoplasm, or investiture with a special 
membrane. Later on this isolated protoplasm is gradually 
altered, separating into somewhat regular ovoid or fusiform 



Fia 08.— Zygospores of Mucor phy corny m. (Van Tieghem.) 

granules, which have, to a certain extent, the appearance of spores 
in an ascns, but they seem to be incapable of gemination. 
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Another method of reproduction, not uncommon in Mucorin% 
is described by Van Tieghem in this species. Conjugating 
threads on the substratum by degrees elaborate zygospores, but 
these, contrary to the mode in other species, are surrounded by 
curious branched processes which emanate from the arcuate cells 
on either side of the newly- developed zygospore. This system 
of reproduction is again noticed more in detail in the chapter 
on polymorphism. 

M. de Seynes has given the details of his examination of the 
sporidia of Morchella esculenta during germination.* A number 
of these sporidia, placed in water in the morning, presented, at 
nine o’clock of the same evening, a sprout from ono of the 
extremities, measuring half the length of the spore. In the 
morning of the next day this sprout had augmented, and 
become a filament three or four times as long. The next day 
these elongated filaments exhibited some transverse divisions 
and some ramifications. On the third day, the germination 
being more advanced, many more of the sporidia wore as com- 
pletely changed, and presented, in consequenco of the elongation, 
the appoaranco of a cylindrical ruffle, the cellular prolongations 
arising from tho germination having a tendency towards ono of 
the extremities of the longer axis of tho sporidium, and more 
often to the two opposed extremities, either simultaneously or 
successively. Out of many hundreds of sporidia examined 
during germination, he had only soon a very few exceptions to 
this rule, among which ho had encountered the centrifugal 
tendency to vegetate by two opposed filaments, proving that if 
it bears a second by the side of tho primal filament situated at 
one of the poles, a second would also be seen from the side of 
the filament coming from tho opposite pole. 

Before being submitted to tho action of water, the contents 
of the sporidia seemed formed of two distinct parts, one big 
drop of yollow oil of the same form as the sporidium, with 
the space between it and the cell wall occupied by a clear liquid, 
more fluid and less refractive, nearly colourless, or at times 
slightly roseate. As tho membrane absorbed the water by 

* Seynefl, “E«*al (Tune Flor© 
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which it was surrounded, the quantity of this clear liquid was 
augmented, and the rosy tint could be more easily distinguished. 
All the contents of the spore, which up to this time remained 
divided into two parts, presented altogether one aspect, only con- 
taining numerous granulations, nearly of equal size, completely 
filling it, and reaching the inner face of the sporic membrane. 

After this time the sporidium augments in size very rapidly, 
becoming at times irregular, and sometimes even as much as 
from two to three times its original dimensions, then there 
appears at the surface, usually at one of the poles of the ellipse, 
a small prominence, with an extremely fine membrane, which 
does not appear to separate itself from that which surrounds the 
sporidium, and it is difficult to say whether it is a prolongation 
of the internal membrane going across the outside, or simply a 
prolongation caused by a continuation of tissue of an unique 
membrane. Sometimes there may be seen at the point where 
the primal filament issues from the sporidium a circular mark, 
which appears to indicate the rupture of the external membrane. 
Bronx this time another change comes over the contents. We 
again find the yellow oily liquid, now occupying the external 
position, with some drops of colourless or roseate liquid in tho 
centre, so that the oily liquid and tho more limpid fluid 
interchange the positions which they occupied previous to 
the commencement of germination. Whether these two fluids 
have undergone any change in thoir constitution is difficult to* 
determine, at all events the oily liquid appears to be less rofrac- 
tive and more granular, and it may bo that it is a product of 
new formation, containing some of the elements of the primitive 
oily drop. Having regard to the delicate character of the mem- 
brane of the germinating filaments, De Seynes supposed that it 
might offer greater facility for tbe entrance of water by endos- 
mose, and account for the rapid enlargement of the sporidia. By 
a series of experiments he became satisfied that this was the 
case to a considerable extent, but he adds : — “ I cannot help 
supposing that a greater absorption of greasy matter in tho cell 
which is the first product of germination raises an objection to 
an aqueous end osmose. One can also see in this experience a 
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proof of the existence of two special membranes, and so suppose 
that the germinative cell is the continuation of the internal 
membrane, the external membrane alone being susceptible ot 
absorbing the liquids, at least with a certain rapidity.” 

In other Discomycetes germination takes place in a similar 
manner. Boudier* narrates that in Ascobohis, when once the 
spore reaches a favourable place, if the circumstances are good, 
i.e ., if the temperature is sufficiently high and the moisture 
sufficient, it will germinate. The time necessary for this pur- 
pose is variable, some hours sufficing for some 
species ; those of A, viridis , for example, germi- 
nate in eight or ten hours, doubtless because, 
being terrestrial, it has in consequence less heat. 

The spore slightly augments in size, then opens, 
generally at one or other extremity, sometimes at 
two, or at any point on its surface, in order to 
pass the mycelium tubes. At first simple, with- 
out septa, and granular in the interior, above 
all at the extremity, these tubes, the rudiment of 
the mycelium, are not long in elongating, in 
branching, and later in having partitions. These 
filaments are always colourless, only the spore 
may be coloured, or not. Coemans has described 
them as giving rise to two kinds of conidia,f the Fia. 04. ~~ Spori- 
one having the form of Torula , when they give 
rise to continuous filaments, the other in the form 
of JPenicillium , when they give birth to partitioned filaments. 
De Seynes could never obtain this result. Many times he had seen 
the JPenieillitm glaucim invade his sowings, but he feels confident 
that it had nothing to do with the Aacobolw. M, WorouinJ 
has detailed some observations on the sexual phenomena which 
he has observed in Ascobolus and JPeziza , and so far as the scole- 
cite is concerned these have been confirmed by M. Boudier. 

* Boudior, “M&noire sur l’Ascobolos,” pt, i, iy, fc 13-15. 

f Coemans, “ SpiciWge Mycologique i. p. 6. 

t Worcrain, ‘ ‘ AbJbandlungen der Senchanbergisclien Natnrfor, Gcsellsclinft ” 
(1865), p. $30, 
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There is no reason for doubt that in other of the Discomycetes 
the germination of the sporidia is very similar to that already 
seen and described, whilst in the JPyrenomycetes, as far as we are 
aware, although the production of germinating tubes is by no 
means difficult, development has not been traced beyond this 
stage.* 

* In the very important observations made by Ur. Cunningham at Calcutta, on 
substances floating in the atmosphere, it appeared that the sporidia of many 
Schemes actually germinated after being taken up by the air. The multitude 
of fungus spores which were observed in e?ery case was quite extraordinary. 



SEXUAL REPRODUCTION. 


The existence of some sort of sexual reproduction in Fungi has 
long been suspected, although in earlier instances upon insuf- 
ficient grounds ; but of late years observations have multiplied 
and facts accumulated which leave no doubt of its existence. If 
the Baprolegnics are left out of the question as disputed Fungi, 
there still remain a number of well authenticated instances of 
the phenomena of copulation, and many other facts which 
indicate some sort of sexual relationship. The precise manner 
in which those minute bodies, so common amongst the 
Sphcsronemei , which we prefer to call stylosporos, perform 
their functions is still to a great extent a mystery; yet it is 
no longer doubted that certain species of Aposphmria, 2?homa> 
Beptoria , &c., are only conditions of some species of Bphmria, 
ofton developed and matured in close proximity to them on the 
same host. In JEcidkm, Rmtelia , &c., spormogoniaare produced 
plentifully on or near the same spots on which the fructification 
appears, either simultaneously or at a later period,* The v&ter 
tion of Oyti&pora to Valsa was suspected by Fries very many 
years ago, and, as since demonstrated, with very good reason* 
AH attempts, however, to establish anything like sexual repro- 
duction in the higher forms of Ilymemmyoete* have at present 
been unsuccessful ; and the same may be said of the Qmteromy* 
oetes; but in As corny odes and JPhysomycetes instances abound. 

We know not whether any importance is to be attached to the 

* M. Tulasne ha# devoted a chapter to the spermogoaia of the UretUnos in his 
memoir* to which we have already alluded* 
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views of M. A. S. CErsted,* which have not since been con- 
firmed, hut which have been cited with some approval by Pro- 
fessor de B&ry, as to a trace of sexual organs in Symenomycetes. 
He is supposed to have seen in Ayaricus mriabilis , P., oocysts 
or elongated reniform cells, which spring up like rudimentary 
branches of the filaments of the mycelium, and enclose an abun- 
dant protoplasm, if not even a nucleus. At the base of these 
oocysts appear the presumed anthendia, that is to say, one or two 
slender filaments, which generally turn their extremities towards 
the oocysts, and which more rarely are applied to them. Then, 
without ulterionly undergoing any appreciable modifications, the 
fertile cell or oocyst becomes enveloped in a network of fila- 
ments of mycelium which proceed from the one which bears it, 
and this tissue forms the rudiments of the cap. The reality of 
some kind of fecundation in this circumstance, and the mode of 
the phenomena, if there is one, are for the present equally un- 
certain. If M. CErsted’s opinion is confirmed, naturally the 
whole of the cap will he the product of fecundation. Probably 
Karsten (Bonplandia, 1862, p. 62) saw something similar in 
Ayaricus campestris , but his account is obscure. 

In Fhycomyces the organs of reproduction have been subjected 
to close examination by Van Tieghem,f and although he failed 
to discover chlamydospores in this, he describes them in other 
Mucors. In this species, besides the regular sexual develop- 
ment, by means of sporangia, there is a so-called sexual repro- 
duction by means of zygospores, which takes place in this wise. 
The threads which conjugate to form the zygospores are slender 
and erect on the surface of the substratum. Two of these 
threads come into close contact through a considerable length* 
and clasp each other by alternate protuberances and depressions. 
Some of the protuberances are prolonged into slender tubes. At 
the same time the free extremities of the threads dilate, and arch 

* (Eersted, in ‘Verhandl der Konig. Dan. Gesell. Der Wissensch,” 1st January, 
1865; DeBary, “Handbuch der Physiol. Botanik” (1866), p. 172; “Annales 
des Sox. Nat.” (5 m * s6r.), vol. v. (1866), p. 366. 

+ Van Tiegbem and Le Monnier, in “Annales des Sci Nat.” (1873), voL xvii 

y, 261 . 
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over one towards the other until their tops touch like a vice, 
each limb of which, rapidly increases in size. Each of these 
arcuate, clavate cells has now a portion of its extremity isolated 
by a partition, by means of which a new hemispherical coll is 
formed at the end of each thread at its point of junction with 
the opposed thread. These cells become afterwards cylindrical 
by pressure, the protoplasm is aggregated into a mass, the double 
membrane at the point of first contact is absorbed, and the two 
confluent masses of protoplasm form a zygospore invested with 
a tubercular coat and enveloped by the primary wall of the two 



Fig. 95.— Zygosporo of Mucor phycowym. 


conjugating colls. During this formation of the zygospore, the 
two arched colls whence the zygospore originated develop a 
series of dichotomous processes in close proximity to the walls 
which separate them from the zygospore. These processes 
appear at first on one of tho arcuate colls in successive order. 
The first makes its appearance above upon th© convex side ; tho 
succeeding ones to the right and loft in descending order ; the 
last is in the concavity beneath. It is only after the development 
of this that the first process appears on the opposite cell, which is 
followed by others in tho same order. Theme dichotomous pro- 
cesses are nothing more than branches developed from tho arcuate, 
or mother cells. During all these changes, while the zygospore 
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enlarges, the wall <y£ the arcuate cells becomes coloured brown. 
This colouring is more marked on the convex side, and it shows 
itself first in the cell on which the dichotomous branches are 
first produced, and which retains the darker tint longer than the 
other. The zone from whence the processes issue, and also the 
processes themselves, have their walls blackened deeply, while 
the walls of the conjugated cells, which continue to clothe the 
zygospore during the whole of its development, are bluish-black. 
By pressure, the thin brittle coat which envelopes the zygospore 
is ruptured, and the coat of the zygospore exposed, formed of a 
thick cartilaginous membrane, studded with large irregular warts. 

The germination of the zygospores in this species has not as 
yet been observed, but it is probably the same or very similar to 
that observed in other species of Mucor. In these the rough 
tuberculate epispore splits on one side, and its internal coat 
elongates itself and protrudes as a tube filled with protoplasm 
and oil globules, terminating in an ordinary sporangium. 
Usually the amount of nutriment contained in the zygospore 
is exhausted by the formation of the terminal sporangium, ac- 
cording to Brefeld ; * but Van Tieghem and Le Monnier remark 
that in their examinations they have often seen a partition 
formed at about a third of the length of the principal filament 
from the base, below which a strong branch is given off, and 
this is also terminated by a large sporangium. 

De Bary has given a precise account of the formation of the 
zygospore in another of the Mucors, JRkizopus nigricans , in which 
he says that the filaments' which conjugate are solid rampant 
tubes, which are branched without order and confusedly inter- 
mingled. Where two of these filaments meet each of them 
pushes towards the other an appendage which is at first cylin- 
drical and of the same diameter. From the first -these two 
processes are applied firmly one to the other by their extremities; 
they increase in size, become clavate, and constitute together 
a ftisifonn body placed across the two conjugated filaments. 
Between the two halves of this body there exists no constant 
difference of size ; often they are both perfectly equal. In each 

* Brefeld, “Bot. Uni. uber Schimmelpilze,” p, 31, 
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there is collected an abundance of protoplasm, and when they 
have attained a certain development the largest extremity of 
each is isolated by a septum from the clavule, which thus becomes 
the support or suspender of the copulative cell. The two conju- 



Fio 96.— -Zygosporo of Rlilzopm In diSbront nfcagoa. (Do Rjiry.) 

gated cells of the fusiform body are generally unequal ; the one 
is a cylinder as long as it is broad, the other is disciform, and 
its length is only equal to half its breadth. The primitive mem- 
brane of the clavule forms between the copulativo colls a solid 
partition of two membranes, but soen after the cells have become 
defined the medial partition becomes pierced in the centre, and 
then soon entirely disappears, so that the two twin colls are 
confounded in one single zygospore, which is due to the union 
of two more or less similar utricles. After its formation the 
zygospore still increases considerably in size, and acquires a 
diameter of more than one-fifth of a millimetre* Its form is 
generally spherical, and flattened on the faces which are united 
to the suspenders, or it resembles a slightly elongated cask. 
The membrane thickens considerably, and consists at the time 
of maturity of two superposed integuments ; the exterior or 
epispore is solid, of a dark blackish-blue colour, smooth on the 
plane faces in contact with the suspenders, but covered every- 
where else with thick warts, which are hollow beneath* The 
endospore is thick and composed of several layers, colourless, 
and covered with warts, which correspond and fit into those of 
the epispore. The contents of the zygospore are a coarsely 
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granular protoplasm, in which float large oleaginous drops. 
While the zygospore is increasing in size, the suspender of the 
smaller copulative cell becomes a rounded and stipitate utricle, 
often divided at the base by a septum, and which attains almost 
to the size of the zygospore. The suspender of the larger copu- 
lative cell preserves its primitive form and becomes scarcely any 
larger. It is rare that there is not a considerable difference of 
size between the two conjugated cells and the suspenders,* 

Similar conjugation with like results also takes place in 
Syzyqites megalocarpus. In this species the germination of the 
zygospores has been observed. If, after a certain time of repose, 
these bodies are placed on a moist substratum, they emit a 
germ-like tube, which, without originating a proper mycelium, 
develops at the expense of the nutritive material stored in the 
zygospore into a carpophore or fruit bearer, which is many times 
dichotomously branched, bearing terminal sporangia character- 
istic of the species. 

It has already been remarked by us that the Scvprolegnei are 
claimed by some authors as Algae, whilst we are more disposed 
to regard them as closely allied to the Mucors, and as they 
exhibit in themselves strong evidence in support of the existence 
of sexual reproduction, we cannot forbear giving a summary of 
what has been observed by De Bary and others in this very 
interesting and singular group of plants, to which M. Cornu has 
recently dedicated an exhaustive monograph.!* 

In 'Saprolegnia, monoica, and others, the female organs consist 
tfk odgoidsL — that is to say, of cells which are at first globose and 
Kch in plastic matter, which most generally terminate short 
pranches of the mycelium, and which are rarely seen in an 
interstitial position. The constitutive membrane of the adult 
oogonia is reabsorbed in a great many points, and is there 
pierced with rounded holes. At the same time the plasma is 
divided into a larger or smaller number of distinct portions, 
which are rounded into little spheres, and separate from the 

* De Bary, “ Morphologic und Physiologic der Klze,” cap. 5, p. 100 j 
“Ann. des. Sci. Nat.” (1806), p. 343. 

t Cornu, in “Ann, des Sci. Nat.” (5®® s6r.), vol. xv» p. 1 (1872). 
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walls of the conceptacle in order to group themselves at the 
centre, where they float in a watery fluid. These gonospheres 
are then smooth and bare, with no membrane on their surface 
of the nature of cellulose. 

During the formation of the oogonia there arise from its 
pedicel or from neighbouring filaments slight cylindrical curved 
branches, sometimes turned round the support of tho oogonia, 
and which all tend towards this organ. Their superior extremity 
is intimately applied to its wall, then ceases to be elongated, 


becomes slightly inflated, and is limited below by a partition ; 


it is then an oblong cell, slightly 
curved, filled with protoplasm, and 
intimately applied to the oogonia — 
in fact, an antheridium or organ of 
the male sex. Each oogonium pos- 
sesses one or several antheridia. 
Towards the time when the gono- 
spheres are formed it may be ob- 
served that each antheridium sends 
to the interior of the oogonia ono 
or several tubular processes, which 
have crossed its side wall, and which 
open at their extremity in order to 
discharge their contents. These, 



while they are flowing out, present some very agile corpuscles, 
and which, considering their resemblance to those in Vauoheria t 
to which the name of spermatozoids are applied, ought to be 
considered as the fecundating corpuscles. After the evacuation 
of the antheridia the gonospheres are found to be covered with 
cellulose ; they then constitute so many oospores, with solid 
walls. Do Bary considers that, bearing in mind analogous 
phenomena observed in Vaucheria, and tho direct observations 


of Pringshoim, # the cellulose membrane on the surface of the 
gonospheres is only the consequence of a sexual fecundation. 

In Achlya dioica the antheridium is cylindrical, tho plasma 
which it encloses is divided into particles, which attain nearly 


* Pringeheim’s “ Jahrbuoher/' vol, ii, p. 109. 
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the size of the zoospores of the same plant. These particles 
become globose cells, grouped in the centre of the antheridium. 
Afterwards the contents of these latter cells become divided 
into numerous bacillary spermatozoids, which first break the 
wall of their mother cell, and then issue from the antheridium. 
These rod-like corpuscles, which resemble the spermatozoids in 
Vaucheria, have their movements assisted by a long cilium. It 
is presumable that here, as in the Algae, the spermatozoids 
introduce themselves into the cavity of the oogonium, and unite 
with the gonospheres. 

Amongst obscure and doubtful bodies are those described 
by Pringsheim, which have their origin in thick filaments or 
tubes, similar to those which form the zoosporangia, and re- 
present so many distinct little masses of plasma within an 
homogeneous parietal ganglion. The contour of these plastic 
masses is soon delineated in a more precise manner. We 
see in their interior some homogeneous granules, which 
are at first globose, theu oval, and finally travel to the 
enlarged and ampullseform extremity of the generating tube. 
There they become rounded or oval cells covered with cellu- 
lose, and emit from their surface one or several cylindrical 
processes, which elongate towards the wall of the conceptacle, 
and pierce it, without, however, ever projecting very far beyond 
it. At the same time the lacunose protoplasm of each cell 
becomes divided into a number of corpuscles, which escape by 
the open extremity of the cylindrical neck. They resemble in 
their organization and agility the spermatozoids of Achlya dioica. 
They soon become motionless in water, and do not germinate. 
During the development of these organs, the protoplasm of the 
utricle which contains them offers at first completely normal 
characteristics, and disappears entirely by degrees as they 
increase. De Bary and Pringsheim believe that these organs 
constitute the antheridia of the species of Saprolegnia to which 
they belong. 

The oospores of the Saprolegnice, when arrived at maturity, 
possess a tolerably thick double integument, consisting of an 
epispore and an endospore. After a considerable time of repose 
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they give rise to tubular or vesicular germs, which, without 
being much elongated, produce zoospores.* V 

De Bary has claimed for the oogonia in Oystopm and 
spora a kind of fecundation which deserves mention her#*f 
These same fruits, he says, which owe their origin to sexual 
organs, should bear the names of oogonia and antheridia , aO* 
cording to the terminology proposed by Pringsheim for analo 
gous organs in the Algse. The formation of the oogonia, on 
female organs, commences by the terminal or interstitial swelling 
of the tubes of the mycelium, which increase and take the form 
of large spherical or oboval cells, and which separate themselves 
by septa from the tube which carries thorn. Thoir membrane 
encloses granules of opaque protoplasm, mingled with numerous 
bulky granules of colourless fatty matter. 

The branches of the mycelium which do not boar oogonia 
apply their obtuse extremities against the growing oogonia; 
this extremity swells, and, by a transverse partition, separates 
itself from the supporting tube. It is tho anthoridium, or malo 
organ, which is formed by this process ; it takes the form of an 
obliquely clavato or obovato cellule, which 
is always considerably smaller than tho 
oogonium, and adheres to its walls by a 
plane or convex area. The slightly thiokonod 
membrane of the antheridia encloses proto- 
plasm which is finely granular. It is seldom 
that more than one antheridium applies 
itself to an oogonium. 

Tho two organs having together achieved 
their development, tho large granules con- r r rom^m ; <wtA*ri- 
tained in tho oogonium accumulate at its ******** (*** 
centre to group themselves under the form of an irregular 
globule deprived of a proper membrane, and surrounded by a 
“bed of almost homogeneous protoplasm. This globule is the 
gonosphere , or reproductive sphere, which, through the means of 

* Be Bary, in “ Annalee dos Sciences NaturoIIas ” (5 me «6r.), roL v, ( 1 860), 

p* 343 ; Hpffmeiiter’s “ Handbook ** (Faogi), cap. v, p. 155. 

f Be Bary, la Anaaiee dee ScL Nat,” (4®* «&.), rol ax p. 123. 
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fecundation, should become the reproductive body, vegetable 
egg, or oospore. The gonosphere having been formed, the 
antheridium shoots out from the centre of its face, close againsi 
the oogonium, a straight tube, which perforates the walls oi 
the female cell, and traversing the protoplasm of its periphery, 
directs itself to the gonosphere. It ceases to elongate itself 
as soon as it touches it, and the gonosphere becomes clothed 
with a membrane of cellulose, and takes a regular spheroidal 
form. 


Considering the great resemblance of these organs with the 

# sexual organs of the Saprolegnise, which 
are closely allied to the Algse, and of 
which the sexuality has been proved, 
De Bary adds, we have no doubt what- 
ever that the phenomena just described 
represent an act of fecundation, and 
M ao „„ that the tube pushed out by the authe- 


Fig. 99. — Antteridla and 


of Peronospora, (De ridium should be regarded as a fecun- 
dating tube. It is remarkable that 


amongst these fungi the tube projected by the antheridium 
effects fecundation only by contact. Its extremity never opens, 
and we never find antherozoids ; on the contrary, the anthe- 


ridium presents, np to the maturity of the oospore, the appear- 
ance which it presented at the moment of fecundation. 

The primitive membrane of the oospore, at first very thin, 
soon acquires a more sensible thickness, and becomes surrounded 


by an external layer (epospore), which is formed at the expense 


of the protoplasm of the periphery. This disappears in propor- 
tion as the epispore attains maturity, and finally there only re- 
mains a quantity of granules, suspended in a transparent watery 
fluid. At the period of maturity, the epispore is a slightly thick- 
ened, resistant membrane, of a yellowish-brown colour, and finely 
punctate. The surface is almost always provided with brownish 
warts, which to large and obtuse, sometimes isolated, and some- 


times confluent, forming irregular crests. These warts are com- 

S osed of cellulose, which reagents colour of a deep blue, whilst 
le membrane which bears them preserves its primitive colour. 



SEXUAL REPRODUCTION* 


173 


One of file warts, larger than the rest, and recognizable by its 
cylindrical form, always forms a kind of thick sheath around 
the fecundating tube. The ripe endospore is a thick, smooth, 
colourless membrane, composed of cellulose containing a bed of 
finely granulated protoplasm, which surrounds a great central 
vacuole. This oospore, or resting spore, may remain dormant 
in this state within the tissues of the foster plant for some 
months. Its ultimate development by production of zoospores 
is similar to the production of zoospores from conidia, which 
it is unnecessary to repeat here. The oospore becomes an 
oosporangium, and from it at least a hundred germinating 
bodies are at length expelled. 

Amongst the principal observers of certain phenomena of copu- 
lation in cells formed in the earliest stages of the Diacomycetea 
are Professor de Bary,* Dr. Woronin, f and Messrs. Tulasne.J 
In the Ascololua pulcherrimus of Crouan, Woronin ascertained 
that the cup derives its origin from a short and flexible tube, 
thicker than the other branches of the mycelium, and which is 
soon divided by transverse septa into a series of cells, the succes- 
sive increase of which finally gives to the wholo a torulose and 
unequal appearance. The body thus formed he calls a “ vermi- 
form body.” The same observer also seoms to have convinced 
himself that there exists always in proximity to this body certain 
filaments, the short arched or inflected branches of whieli, liko 
so many antheridia, rest their anterior extremities on the utri- 
form cells* This contact seems to communicate to the vermiform 
body a special vital energy, which is immediately directed towards 
the production of a somewhat filamentous tissue, on which the 
hymenium is at a later period developed. This “ vermiform 
body ” of M. Woronin has since como to be recognized under 
the name of u scolecite.” 

Tulasne observes that this “ scoleoito ” or ringed body can be 
readily isolated in Aacololua furfuraceua, When the young re- 

* De B&ry, in “Annales dcs Soiences Natnrelles ” (5® e air,), p, 343. 

t Woronin, in De Bary’s “Beitr. zur. Morph, uad Physiol der KUo,” 11* 
(1806), pp> 1-11. 

t Mfwtae, “ Ann. des Sol Not” (5** s6r.), Oetober, 1806, p. 211. 
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ceptacles are still spherical and white, and have not attained a 
diameter exceeding the one-twentieth of a millimetre, it is suffi- 
cient to compress them slightly in order to rapture them at the 
summit and expel the “ scolecite.” This occupies the centre 
of the little sphere, and is formed of from six to eight cells, 
curved in the shape of a comma. 

In Peziza melcmoloma , A. and S., the same observer succeeded 
still better in his searches after the scolecite, which he remarks 
is in this species most certainly a lateral branch of the filaments 
of the mycelium. This branch is isolated, simple, or forked at a 
short distance from its base, and in diameter generally exceeding 
that of the filament which bears it. This branch is soon arcuate 
or bent, and often elongated in describing a spiral, the irregular 
turns of which are lax or compressed. At the same time its 
interior, at first continuous, becomes divided by transverse septa 
into eight or ten or more cells. Sometimes this special branch 
terminates in a crozier shape, which is involved in the bent part 
•of another crozier which terminates a neighbouring filament. In 
other cases the growing branch is connected, by its extremity, 
with that of a hooked branch. These contacts, however, did 
not appear to Tulasne to be so much normal as accidental. But 
of the importance of the ringed body, or “scolecite,” there was 
no room for doubt, as being the certain and habitual rudiment 
of the fertile cup. Iu fact, inferior cells are produced from the 
flexuous filaments which creep about its surface, cover and sur- 
round it on all sides, while joining themselves to each other. 
At first continuous, then septate, these cells by their union con- 
stitute a cellular tissue, which increases little by little until the 
scolecite is so closely enveloped that only its superior extremity 
•can be seen. These cellular masses attain a considerable volume 
before the hymenium begins to show itself in a depression of 
their summit. So long as their smallness permits of their being 
Seen in the field of the microscope, it can be determined that 
fcey adhere to a single filament of the mycelium by the base of 
the scolecite which remains naked. 

Although Tulasne could not satisfy himself of the presence 
*>f any act of copulation in Ascoholus fwrfwracem^ or Peziza 
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melanoloma , he was more successful with JPeziza omphcdodes. 
As early as 1860 he recognized the large globose, sessile, and 
grouped vesicles which originate the fertile tissue, but did not 
comprehend the part which these macrocysts were to perform. 
Each of these emits from its summit a cylindrical tube, generally 
flexuous, but always more or less bent in a crozier shape, some- 
times attenuated at the extremity. Thus provided, these utricles 
resemble so many tun-shaped, narrow-necked retorts, filled with 
a granular thick roseate protoplasm. In the middle of these, 
and from the same filaments, are generated elongated clavato 
cells, with paler contents, more vacuoles, which Tulasno names 
paracysts. These, though produced after the macroey&ts, finally 
exceed them in height, and seem to carry their summit so as to 
meet the crozier-like prolongations. It would be difficult to 
determine to which of these two orders of colls belongs the 
initiative of conjugation. Sometimes the advance seems to bo 
on one side, and sometimes on the other. However this may be, 
the meeting of the extremity of the 
connecting tube with the summit of 
the neighbouring paracyst is a con- 
stant fact, observed over and over 
again a hundred times. There is no 
real junction between the dissimilar 
cells above described, except at tho 
very limited point where they meet, 
and there a circular perforation may 
be discerned at the end, defined by a 
round swelling, which is either barely 
visible or sometimes very deoided. 

Everywhere else the two organs may Fra in ?e*im 

be contiguous, or more or less near to- i **>) 

gether, but they are free from any adherence whatever. If tho 
plastic mattors contained in tho conjugated colls influence one 
another reciprocally, no notable modification in their appearance 
results at first. The large appendioulaie cell seems, however, to 
yield to its consort a portion of the plasma it contains. On# 
thing only can be affirmed from these phenomena, that the con- 
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jugated cells, especially the larger, wither and empty themselves, 
while the upright compressed filaments, which will ultimately 
constitute the asci, increase and multiply.* 

Certain phenomena concerned in the development of the 
Erystphei belong also to this connection. The mycelium of 
Erysiyhe cicloracearum , like that of other species, consists of 
branched filaments, crossed in all directions, which adhere as 
they climb to the epidermis of the plant on which the fungus 
lives as a parasite. The perithecia are engendered where two 
filaments cross each other. These swell slightly at this ooint, 



and each emits a process which imitates a nascent branch, and 
remains upright on the surface of the epidermis. The process 
originating from the inferior filament soon acquires an oval form 
and a diameter double that of the filament; then it becomes 
isolated from it by a septum, and constitutes a distinct cell, 
which De Baryf terms an oocyst. The appendage which pro- 
ceeds from the inferior filament always adheres intimately to 
this cell, and elongates into a slender cylindrical tube, which 

' * Tulasne, “On the Phenomena of Copulation in certain Fungi,” in “ Arm 
dee Sci. Mt” (1860), p. 211. 

fi De Bary, “ Morphologie trnd Phys. der Pilze,” cap. v. p. 162. 
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terminate!? in an obtuse manner at the summit of the same cell. 
At its base it is also limited by a septum, and soon after another 
appears a little below its extremity at a point indicated before- 
hand by a constriction. This new septum defines a terminal 
short obtuse cell, the antheridium, which is thus borne on a 
narrow tube like a sort of pedicel. Immediately after the 
formation of the antheridia new productions show themselves, 
both around the oocyst and within it Underneath this cell eight 
or ten tubes are seen to spring from the filament which bears it ; 
these join themselves by the sides to each other and to the pedi- 
cel of the antheridinm, while they apply their inner face to the 
oocyst, above which their extremities soon meet. Each of the 
tubes is then divided by transverse septa into two or three dis- 
tinct cells, and in this manner the cellular walls of the peri- 
thecia come into existence. 

During this time the oocyst enlarges and divides, without 
its being possible precisely to determine the way in which it 
happens, into a central coll and an outer layer, ordinarily 
simple, of smaller cells, contiguous to the general enveloping 
wall. The contral cell becomes the single asciis, which is 
characteristic of the species, and the layer which surrounds it 
constitutes the inner wall of its porithecium. The only 
changes afterwards observed are the increase in nho of the 
perithecium, the production of the root-1 iko filaments which 
proceed from its outer wall, the brown tint wliich it assumes, 
and finally the formation of the sporidia in the ascus. The 
antheridium remains for a long time recognizable without under- 
going any essential modification, but tho dark colour of the 
perithecium soon hides it from the observer's oyo. Do Bary 
thinks that ho is authorized in assuming tho probability that 
the conceptacles and organs of fructification of others of tho 
Ascomycetes, including tho Diaoomycotm and tho Tuberacei, are 
the results of soxual generation. 

Certain phenomena which have been observed amongst 
the Gordomycetea aro cited as examples of soxual association. 
Amongst these may bo named the conjugation of tho slender 
spores of the first generation, produced on tho germinating 
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threads of Tilletiaf* and similar acts of conjugation, as observed 
in some species of TJstilago. Whether this interpretation should 
be placed on those phenomena in the present condition of our 
knowledge is perhaps an open question. 

Finally, the spermogonia must be regarded as in some occult 
manner, which as yet has baffled detection, influencing the per- 
fection of sporidia.f In Bliy- 
tisma , found on the leaves of 
maple and willow, black pitchy 
spots at first appear, which 
contain within them a golden 
pulp, in which very slender 
corpuscles aro mixed with an 
abundant mucilago. These 
corpuscles are the spermatia, 
which in Wiy tisma acerinum 
are linear and short, in FJiy* 
tisma salicinum globose. When 
the spermatia are expelled, the 
stroma thickens for the pro- 
Auction of asci and sporidia, 
ceS? conjugating wWcll are afterwards developed 

during the autumn and winter. 
Several of the species of Hysterium also possess spermogonia, 
notably JEC. Fraxini , which may be distinguished from the asci- 
geroiis perithecia with which they are associated by their smaller 
size and flask-like shape. From these the spermatia are expelled 
long before the maturity of the spores, In Ifypoderma virgulr 
torvm , H, commune , and H. scirpimm, the spermogonia are 
small depressed black capsules, which contain an abundance of 
minute spermatia. These were formerly regarded as distinct 
species, under the name of Leptostroma. In Stictis ocellata a 
great number of the tubercles do not pass into the perfect state 

* Berkeley, in “Journ. Hort. Soc.” vol. ii. p. 107; Tulasne, “Ann. A, So. 

(4 mc s§r.), vol ii tab. 12. 

t Tulasne, “New [Researches on the Reproductive Apparatus of Fungi 
u Comptes Rendus,” vol sxsw. (1852), p. 841. 
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until after they have produced either linear, very short sper- 
matia, or stylospores, the latter being reprodnctiye bodies of an 
oblong shape, equal in size to the perfect sporidia. Some of 
the tubercles never pass beyond this stage. 

Again, there is a very common fungus which forms black dis- 
coid spots on dead holly leaves, called Ceutkospora phaculioides , 
figured by G-reville in his u Scottish Cryptogamic Flora,” which 
expels a profusion of minute stylospores ; but later in the 
season, instead of these, we find the asci and sporidia of PJiaci- 
dium ilicis , so that the two are forms and conditions the one of 
the other. 

In Tympanis conspersa the spermogonia aro much more com- 
monly mot with than the complete fruit. There is a great 
external resemblance in thorn to the ascigerous cups, but there 
is no evidence that they are ever transformed into such, The 
perfect sporidia are also very minute and numerous, being 
contained in asci borne in cups, which usually surround the 
spermogonia. 

In several species of Dcrmatea the stylospores and spormatia 
co-exist, but they aro disseminatod before the appearance of the 
ascigerous receptacles, yet they are producod upon a common 
stroma not unlike that of Tubercularia. 

In its early stage the common and well-known Bulgaria 
inyuinans, which when mature looks like a black Bezka, is a 
little tubercle, the whole mass of which is divided into ramified 
lobes, the extremities of which become, towards the surface of 
the tubercle, receptacles from whence escape waves of sper- 
matia which are colourless, or stylospores mixed with thorn 
which are larger and nearly black. 

Amongst tho Sphceriacei numerous instances might be cited 
of minute stylosporous bodies in consort with, or preceding, 
tho ascigerous receptacles. A very familiar example may be 
found at tho baso of old nettle storms in what has been named 
Apospharia acuta , , but which truly are only the stylospores of 
the Sph&ria coniformu, the perithecia of which flourish in com- 
pany or in close proximity to them. Most of these bodies are 
so minute, delicate, and hyaline that the difficulties in the way 

ar 2 



180 


FUNGI. 


of tracing them in their relations to the bodies with which they 
are associated are very great. Nevertheless there is strong pre- 
sumption in favour of regarding some of them as performing 
the functions which the name applied to them indicates. 

Professor de Bary cautiously refrains from accepting spermatia 
other than as doubtful or at least uncertain sexual bodies.* He 
says that the Messrs. Tulasne have supposed that the spermo- 
gonia represented the male sex, and that the spermatia were 
analogous to spermatozoids. Their opinion depends on two 
plausible reasons, — the spermatia, in fact, do not germinate, 
and the development of the spermogonia generally precedes 
the appearance of the sporophorous organs, a double circum- 
stance which reminds us of what is known of the spermato- 
zoids and antheridia of other vegetables. It remained to 
discover which were the female organs which underwent 
fecundation from the spermatia. 

Many organs placed at first amongst spermatia have been 
recognized by M. Tulasne as being themselves susceptible of 
germination, and consequently ought to take their place among 
legitimate spores. Then it must be considered that very many 
spores can only germinate under certain conditions. It is, 
therefore, for the present a doubtful question whether there 
exist really any spermatia incapable of germination, or if the 
default of germination of these corpuscles does not rather 
depend on the experiments hitherto attempted not having in- 
cluded the conditions required by the phenomena. Moreover, 
as yet no trace has been discovered of the female organs which 
are specially fecundated by the spermatia. 

Finally, there exist in the Ascomycetes certain organs of 
reproduction, diverse spore-bearing apparatus, pyonidia, and 
others, which, like the spermogonia, usually precede asco- 
phorous fruits. The real nature of the spermogonia and 
spermatia should therefore be regarded as, at present, very 
uncertain; as regards, however, the spermatia which have 
never been seen to germinate, perhaps it is as well not to 
absolutely reject the first opinion formed concerning them, or 
* De Bary, “Morphologie und Physiologic der Pilze,” cap. v. p. 108. 
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perhaps they might be thought to perform the part of andro- 
spores, attributing to that expression the meaning which 
Pringsheim gives it in tho Confer oce. The experiments per- 
formed with the spermatia which do not germinate, and with 
the spermogonia of the Uredines, do not, at any rate, appear 
to justify the reputed masculine or fecundative nature of these 
organs. The spermogonia constantly accompany or precede 
fruits of Mcidium , whence naturally follows the presumption 
that the first are in a sexual relation to the second. Still, 
when Tulasne cultivated Endophyllum sempervivum , he obtained 
on some perfectly isolated rosettes of Sempervivum some Mcidium 
richly provided with normal and fertile spores, without any trace 
of spermogonia or of spermatia. 
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POLYMORPHISM. 

A great number of very interesting facts have during late 
years been brought to light of the different forms which fungi 
assume in the course of their development. At the same time, 
we fear that a great many assumptions have been accepted for 
fact, and supposed connections and relations botweon two or 
three or more so-called species, belonging to different genera, 
have upon insufficient data been regarded as so many states or 
conditions of one and the same plant. Had the very pertinent 
suggestions of Professor de Bary boon more generally acted 
upon, those suspicions would have been basoless. His observa- 
tions are so valuable as a caution, that we cannot forbear prefacing 
our own remarks on this subject by quoting thorn.* In order 
to determine, he says, whether an organic form, an organ, or an 
organism, belongs to the same series of development as another, 
or that which is the same is developed from it, or vice verttd, 
there is only one way, viz., to observe how the second grows out 
of the first. We see the commencement of the second begin as 
a part of the first, perfect itself in connection with it, and at 
last it often becomes independent ; but be it through spontaneous 
dismembering from the first, or that the latter be destroyed 
and the second remains, both their disunited bodies arc always 
connected together in organic continuity, as parts of a whole 
(single one) that can cease earlier or later. 

By observing the organic continuity, we know that the apple 
is the product of development of an apple-tree, and not hung on 

* De Bary, in u Quarterly German Maganne” (1872), p. 197. 
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it by chance, that the pip of an apple is a product of the develop- 
ment of the apple, and that from the pip an apple-tree can at last 
be developed, that therewith all these bodies are members of a 
sphere of development or form. It is the same with every simi- 
lar experience of our daily life, that where an apple-tree stands, 
many apples lie on the ground, or that in the place where apple- 
pips are sown seedlings, little apple-trees, grow out of the 
ground, is not important to our view of the course of develop- 
ment. Every one recognizes that in his daily life, because ho 
laughs at a person who thinks a plum which lies under an apple- 
tree has grown on it, or that the weeds which appear among the 
apple seedlings come from apple-pips. If the apple-tree with 
its fruit and seed were microscopically small, it would not make 
the difference of a hair’s breadth in the form of the question or 
the method of answering it, as the size of the object can 
be of no importance to the latter, and the questions which apply 
to microscopical fungi are to be treated in the same manner. 

If it then be asserted that two or several forms belong to a series 
of development of one kind, it can only be based on the fact of 
their organic continuity. The proof is more difficult than in large 
plants, partly because of the delicacy, minutonoss, and fragility 
of the single parts, particularly the greater part of the mycelia, 
partly because of the resemblance of the latter in different 
species, and therefore follows the danger of confusing them with 
different kinds, and finally, partly in consequence of the presence 
of different kinds in the same substratum, and therefore the 
mixture not only of different sorts of mycelia, but also that 
different kinds of spores are sown. With some care and pa- 
tience, these difficulties are in no way insurmountable, and they 
must at any rate be overcome; the organic continuity or non- 
continuity must be cleared up, unless the question respecting the 
course of development, and the series of forms of special kinds, 
be laid on one side as insolvablo. 

Simple and intelligible as these principles are, they have not 
always been acted upon, but partly neglected, partly expressly 
rejected, not because they were considered false, but because the 
difficulties of their application were looked upon as insurmount- 
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able. Therefore another method of examination was adopted ; 
the spores of a certain form were sown, and sooner or later they 
were looked after to see what the seed had produced — not every 
single spore — but the seed en masse , that is, in other words, 
what had grown on that place where the seed had been sown. 
As far as it relates to those forms which are so widely spread, 
and above all grow in conjunction with one another — and that 
is always the case in the specimens of which we speak — we can 
never be sure that the spores of tho form which we mean to test 
are not mingled with those of another species. He who has 
made an attentive and minute examination of this kind knows 
fchat we may be sure to find such a mixture, and that such an 
one was there can be afterwards decidedly proved. From the 
seed which is sown, these spores, for which the substratum was 
most suitable, will more easily germinate, and their development 
will follow the more quickly. The favoured germs will suppress 
the less favoured, and grow up at their expense. The same 
relation exists between them as between the seeds, germs, and 
seedlings of a sown summer plant, and the seeds which have 
been undesignedly sown with it, only in a still more striking 
manner, in consequence of the relatively quick development of 
the mildew fungus. 

Therefore, that from the latter a decided form, or a mixture of 
several forms, is to be found sown on one spot, is no proof of their 
generic connection with one which has been sown for tho purpose 
of experiments ; and the matter will only be more confused if we 
call imagination to our aid, and place the forms which are found 
near one another, according to a real or fancied resemblance, in a 
certain series of development. All those statements on the sphere 
of form and connection, which have for their basis such a super- 
ficial work, and are not based on the clear exposition of the con- 
tinuity of development, as by the origin of the connection of the 
JMmoot with Jpenicillium, Oidium lactis and Mrnor y Oidkm and 
JPmicillium , are rejected as unfounded. 

- A source of error, which can also interfere in the last-named 
superficial method of cultivation for experiments, is, viz., that 
heterogeneous unwished-for spores intrude themselves from 
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without, among the seed which is sown, but that has been 
until now quite disregarded. It is of great importance in 
practice, but in truth, for onr present purpose, synonymous with 
what we have already written. Those learned in the science of 
this kind of culture lay great stress on its importance, and 
many apparatuses have been constructed, called “ purely cultivat- 
ing machines,” for the purpose of destroying the spores which 
are contained in the substratum, and preventing the intrusion of 
those from without. The mixture in the seed which is sown 
has of course not been obviated. These machines may, perhaps, 
m every other respect, fulfil their purpose, but they cannot 
change tho form of the question, and the most ingeniously con- 
structed apparatus cannot replace the attention and intellect of 
the observer. * 

Two distinct kinds of phenomena have been grouped under 
the term “ polymorphy.” In one series two or moro forms of 
fruit occur consecutively or simultaneously on tho same indi- 
vidual, and in the othor two or more forms appear on a dif- 
ferent mycelium, on a different part of the same plant, or on a 
matrix wholly distinct and different ; in tho latter case the con- 
nection being attested or suspected circumstantially, in tho former 
proved by the method suggested by Do Bary. It will at once be 
conceded that in cases where actual growth and development 
substantiate the facts the polymorphy is undoubted, whilst in the 
other series it can at best be little moro than suspected* We 
will endeavour to illustrate both those series by examples. 

One of the first and earliest suspected cases of dualism, which 
long puzzled tho older mycologists, was observed amongst the 
Uredines, and many years ago it was hold that there must be some 
mysterious association between the “red rust” (Trichobash ruligo 
vera) of wheat and grasses and tho “com mildew” (JPuccinia 

4 The method pursued by Messrs. Berkeley and Hoffmann of surrounding the 
drop of fluid, in which a definite number of spores or yeast globules had been 
placed, with a pellicle of air, into which the germinating threads might pass 
and fructify, is perhaps the most satisfactory that has been adopted, though it 
requires nice manipulation. If carefully managed, the result is irrefragable, 
though doubts have been cast, without any reason, on their observations. 
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gram inis) which, succeeded it. The simple spored rust first 
makes its appearance, and later the bilocular “ mildew.” It is 
by no means uncommon to find the two forms in the same pus- 
tule. Some have held, without good reason, that the simple 
cells became afterwards divided and converted into Puccinia , 
but this is not the case ; the uredo-spores are always simple, and 
remain so except in TJredo linearis , where every intermediate 
stage has been observed. Both are also perfect in their kind, 
and capable of germination. 

What the precise relations between the two forms may be has 
as yet never been revealed to observers, but that the two forms 
belong to one species is not now doubted. Very many species 
of Puccinia have already been found associated with a corre- 
sponding Trichobasis , and of Phragmidinm with a relative Lecy- 
thea , but it may be open to grave doubt whether some of the 
very many species associated by authors are not so classed upon 
suspicion rather than observation. We are ready to admit that 
the evidence is strong in favour of the dimorphism of a large 
number of species — it may be in all, but this awaits proof, or 
substantial presumption on good grounds. Up to the present we 
know that there are species of Trichobasis which have never 
been traced to association with a Puccinia, and doubtless there 
will be species of Puccinia for which no corresponding TJredo 
or Trichobasis can be found. 

Tulasne remarks, in reference to Puccinia soncld, in one of his 
memoirs, that this curious species exhibits, in effect, that a Pm- 
cinia may unite three sorts of reproductive bodies, which, taking 
part, constitute for the mycologists of the day three entirely dif- 
ferent plants — a Trichobasis , a TJromyces , and a Puccinia. The 
Uredines are not less rich, he adds, in reproductive bodies of 
divers sorts than the Pyrenomycetes and the JDiscomycetes ; and 
wo should not be surprised at this, since it seems to be a law, 
almost constant in the general harmony of nature, that the 
smaller the organized beings are, the more their races are 
prolific. 

In Puocinia variabilis , Grev., it is common to find a unicellular 
form, specie^ of Trichobasis , in the same pustules. A like circum- 
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stance occurs with JBuccinia molarum, Link., and Trichobasis vio- 
larum , B.; with. Tuccinia fallens, C., and Trichobasis fallens , Desm.; 
also with Tuccinia menthce , P., and Trichobasis Labiatarum , D. C. 
In Melampsora, again, the prismatic pseudospores of Melampsora 
salicina , Lev., are the winter fruits of Lecythea caprearum, Lev., 
as those of Melampsora populina , Lev., are of Lecythea populina , 
Lev. In the species of Lecythea themselves will be found, as De 
Bary * has shown, hyaline cysts of a larger size, which surround 
the pseudospores in the pustules in which they are developed. 

A good illustration of dimorphism in one of the commonest of 
moulds is given by De Bary in a paper from which we have 
already quoted.f He writes thus : — In every household there is 
a frequent unbidden guest, which appears particularly on pre- 
served fruits, viz., the mould which is called Aspergillus glaucw* 
It shows itself to the naked eye as a woolly floccy crust over 
the substance, first purely white, then gradually covered with 
little fine glaucous, or dark green dusty heads. More minute 
microscopical examination shows that the fungus consists of 
richly ramified fine filaments, which are partly disseminated in 
the substratum, and partly raised obliquely over it. They have 
a cylindrical form with rounded ends, and are divided into long 
outstretched members, each of which possesses the property 
which legitimatizes it as a vesicle in the ordinary sense of the 
word ; it contains, enclosed within a delicate structureless wall, 
those bodios which bear the appearance of a finely granulated 
mucous substance, which is designated by the name of proto- 
plasm, and which either equally fills the cells, or the older the 
cell the more it is filled with watery cavities called vacuoles. 

All parts are at first colourless. The increase in the length 
of the filaments takes place through the preponderating growth 
near their points; these continually push forward, and, at a 
short distance from them, successive new partitions rise up, 
hut at a greater distance, the growth in the length ceases. 
This kind of growth is called point growth. The twigs and 

* * De Bary, “Uber die BrandpiJzo” (Berlin, 1 85S), pL iv. figs. 3, 4, & 

+ A de Bary, on Milder and Fermentation, in “ Quarterly Herman Magazine," 
vol ft. 1872* 
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branches spring np as lateral dilatations of the principal fila 
ment, which, once designed, enlarges according to the poin 
growth. This point growth of every branch is, to a certaii 
extent, unlimited. The filaments in and on the substratum art 
the first existing members of the fungus ; they continue so long 
as it vegetates. As the parts which absorb nourishment from and 
consume the substance, they are called the mycelium, ISfearlj 
every fungus possesses a mycelium, which, without regard to 
the specific difference of form and size, especially shows the 
described nature in its construction and growth. 

The superficial threads of the mycelium produce other fila- 
ments beside those numerous branches which have been described, 
and which are the fruit thread (carpophore) or conidia thread. 
These are on an average thicker than the mycelium threads, and 
only exceptionally ramified or furnished with partitions; they 
rise almost perpendicularly into the air, and attain a length of, 
on an average, half a millimotre, or one-fiftieth of an inch, but 
they seldom become longer, and then their growth is at an end. 
Their free upper end swells in a rounded manner, and from this 
is produced, on the whole of its upper part, rayed divergent 
protuberances, which attain an oval form, and a length almost 
equal to their radius, or, in weaker specimens, the diameter of 
the rounded head. The rayed divergent protuberances are the 
direct producers and bearers of tho propagating cells, spores, 
or conidia, and are called sterigmata. Every sterigma at first 
produces at its point a little round protuberance, which, with a 
strong narrow basis, rests upon the sterigma. These are filled 
with protoplasm, swell moro and more, and, after some time, 
separate themselves by a partion from the sterigma into inde- 
pendent cells, spores, or conidia. 

The formation of the first spore takes place at the same end 
of the sterigma, and in the same manner a second follows, then 
a third, and so on; every one which springs up later pushes 
its predecessor in the direction of the axis of the sterigma in 
the same degree in which it grows itself ; every successive spore 
formed from a sterigma remains for a time in a row with one 
another. Consequently every sterigma bears on its apex a chain 
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of spores, which are so much the older, the farther they stand 
from the sterigma. The number of the links in a chain of spores 
reaches in normal specimens to ten or more. All sterigmata 
spring up at the same time, and keep pace with one another 
in the formation of the spores. Every spore grows for a timo, 
according to its construction, and at last separates itself from 



Fig. 102. — a. Asp&'gillun glaucva ; b. conidia; c. germinating oonldlum ; d. eon* 
coptaclo of Euvotmm , <?. aacus. 

its neighbours. The mass of dismembered spores forms that 
fine glaucous huo which is mentioned above. Tho spores, there- 
fore, are articulated in rows, one after the other, from tho ends 
of the sterigmata. The ripo spore, or conidium, is a coll of' a 
round or broadly oval form, filled with a colourless protoplasm* 
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and, if observed separately, is found to be provided with 
brownish, finely verruculose, dotted wall. 

Tbe same mycelium which forms the pedicel for the conidi 
when it is near the end of its development, forms by norms 
vegetation a second kind of fructification. It begins as delicat 
thin little branches, which are not to be distinguished by Ih 
naked eye, and which mostly in four or six turns, after a quickl 
terminated growth, wind their ends like a corkscrew. (Fig. 102, 
The sinuations decrease in width more and more, till they at las 
reach close to one another, and the whole end changes from tb 
form of a corkscrew into that of a hollow screw. In and oj 
that screw-like body, a change of a complicated kind takes place 
which is a productive process. In consequence of this, from thi 
screw body a globose receptacle is formed, consisting of a thii 
wall of delicate cells, and a closely entwined row of cells sur 
rounded by this dense mass (d). By the enlargement of all these 
parts the round body grows so much, that by the time it is ripe 
it is visible to the naked eye. The outer surface of the wal 
assumes a compactness and a bright yellow colour; the greatei 
part of the cells of the inner mass become asci for the formation 
of sporidia, while they free themselves from the reciprocal union, 
take a broad oval form, and each one produces within its innei 
space eight sporidia (< e ). These soon ontirely fill the ascus. 
When they are quite ripe, the wall of the conceptacle becomes 
brittle, and from irregular fissures, arising oasily from contact, 
the colourless round sporidia are liberated. 

The pedicels of both kinds of fruit are formed from the same 
mycelium in the order just described. If we examine attentively, 
we can often see both springing up close to one another from the 
same filament of a mycelium. This is not very easy m the close 
interlacing of the stalks of a mass of fungi in consequence of 
their delicacy and fragility. Before their connection was known, 
the conceptacles and the conidia pedicels were considered as 
organs of two very different species of fungi The conceptacles 
were called Uwotiim herba/riorim , and the conidia bearers were 
-called Aspwgillm glaucus . 

Allied to lihwo'tivm is the group of JSrysvphei, in which well- 
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authenticated polymorph y prevails. These fungi are developed 
on the green parts of growing plants, and at first consist of a 
white mouldy stratum, composed of delicate mycelium, on which 
erect threads are produced, which break up into subglobose 
joints or conidia. The species on grass was named Oidium 
monilioides before its relationship was known, but undoubtedly 
this is only the conidia of ErysipJie graminis. In like manner 
the vine disease ( Oidium Tuckeri) is most probably only the 
conidia of a species of Erysiphe, of which the perfect condition 
has not yet been discovered. On roses the old Oidium leuco - 
conium is but the conidia of Sphczrotheca pamosa , and so 
of other species. The ErysipJie which ultimately appears on 
the same mycelium consists of globose perithecia, externally 



Pig. 103 — Brysiphe cicfioracearum. a. Receptacle ; o. mycelium. (JDe Bary.) 

furnished with thread-like appendages, and internally with asei 
containing sporidia. In this gonus there are no less than five 
different forms of fruit,* the multiform threads on the mycelium, 
already alluded to as forms of Oidium , the asci contained in 
the sporangia, which is the proper fruit of the Erysiphe, larger 
stylospores which aro produced in other sporangia, the smaller 
stylospores which aro generated in the pyenidia, and separate 
sporules which are sometimes formed in the joints of the neck- 
laces of the conidia. These forms are figured in the t( Introduction 

* Berkeley, u Iatrod, Crypt Bet" p. 78, % 20. 
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to Cryptogamic Botany ” from Bphoerotheca Castagnei 9 which is 
the hop mildew.* * * § The vine disease, hop mildew, and rose 
mildew, are tho most destructive species of this group, and the 
constant annoyance of cultivators. 

When first describing an allied fungus found on old paper, and 
named Ascotricha chart arum, the Bev. M. J. Berkeley called atten- 
tion to the presence of globose conidia attached to the threads 
which surround the conceptacles,t and this occurred as long 
since as 1838. In a recent species of Chostomiim found on old 
sacking, Ghost omium griseum , Cooke, J we have found tufts in all 
respects similar externally to the Chostomium , but no perithecium 
was formed, naked conidia being developed apparently at the 
base of the coloured threads. In Chostomium funicolum , Cooke, 
a black mould was also found which may possibly prove to be 
its conidia, but at present there is no direct evidence. 

The brothers Tulasne have made us acquainted with a greater 
number of instances amongst the Sphosriacei in which multiple 
organs of reproduction prevail. Very often old and decaying 
individuals belonging to species of Boletus will be found filled, 
and their entire substance internally replaced, by tho threads and 
multitudinous spores of a golden yellow parasite, to which the 
name of Sepedonium chrysospermum has been given. According 
to Tulasne, this is merely a condition of a sphooriaceous fungus 
belonging to his genus Hypomyces.§ 

The same observers also first demonstrated that Trichoderma 
viride , P., was but the conidia-bearing stage of Ilypocrea rnfa , 
P., another sphooriaceous fungus. The ascigerous stroma of the 
latter is indeed frequently associated in a very close manner with 
the cushions of the pretended Trichoderma, or in other cases the 
same stroma will give rise to a different apparatus of conidia, 
of which the principal elements are acicular filaments, which are 
short, upright, and almost simple, and which give rise to small 

* See also Berkeley, in “Trans. Horfc. Soe. London," vol. ix. p. 68. 

f Berkeley, in “Ann. Nat. Hist.” (June, 1888), No. 116. 

X “ Ghrevillea,” vol. i. p. 176. 

§ Tulasne, “On Certain Fungicolous Sphserise/’i n “Ann. des Sea. Nat.’* 
4 me s6r, xiii. (1860), p. 5. 
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oval comdia which, are solitary on the tips of the threads 
Therefore this Hypocrea will possess two different kinds of 
conidia, as is the case in many species of Mypomyces. 

A most familiar instance of dualism will be found in ISfectrta 
cinnabanno , of which the conidia form is one of the most common 
of fungi, forming little reddish nodules on all kinds of dead 
twigs # 


Almost any small currant twig which has been lying on the 
ground in a damp situation will afford an opportunity of studying 
this phenomenon. The whole surface of the twig will be coverod 
from end to end with little bright pink prominences, bursting 
through the bark at regular distances, scarcely a quartor of an 
inch apart. Towards one end of the twig probably the pro- 


minences will be of a deeper, richer colour, like 
powdered cinnabar. The naked eye is sufficient 
to detect some difference between the two kinds (SESE? 
of pustules, and where the two mergo into each 
othor specks of cinnabar will be visible on the 
pink projections. By removing the bark it will 
be seen that the pink bodies have a sort of 
paler atom, which spreads above into a somewhat SBaS 
globose head, coverod with a delicate mealy bloom. wS$5m 
At the base it penetrates to the inner bark, and 
from it the threads of mycelium branch in all fgSijp 

directions, confined, however, to the bark, and SBI 

not entering the woody tissues beneath. The B1& 

head, placed under esuimination, will be found to AHi 

consist of delicate parallel threads compacted to- 
gather to form the stem and head. Some of those 
threads are simple, others are branched, boaring 104. -Twit? 
here and thoro upon them delicate little bodies, on th« uwur Vw* 
which are readily detached, and which form ftoSn 


mealy bloom which covers the surface. These are the conidia, 
little slender cylindrical bodies, rounded at the ends. 

Passing to the othor bodies, which are of a deeper colour, it 


* “A Currant Twig, and Something on it/’ in Gardener’i 
January 28, 1871. 


Chronicle,* 
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will soon be discovered that, instead of being simple ronnded 
heads, each tubercle is composed of numerous smaller, nearly 
globose bodies, closely packed together, often compressed, all 



Fxo. 105. — Section of Tulerculana c. Threads with conidia * 

united to a base closely resembling the base of the other 
tubercles. If for a moment we look at one of the tubercles near 
the spot where the crimson tubercles seem to merge into the 
pink, we shall not only find them particoloured, but that the red 
points are the identical globose little heads just observed in 
clusters. This will lead to the suspicion, which can afterwards 
be verified, that the red heads are really produced on the stem 
or stroma of the pink tubercles. 

A section of one of the red tubercles will show us how much 
the internal structure differs. The little subglobose bodies 
which spring from a common stroma or stem are hollow shells 
or capsules, externally granular, internally filled with a gelatinous 
nucleus. They are, indeed, the perithecia of a sphasriaceous 
fungus of the genus Nectria , and the gelatinous nucleus contains 
the fructification. Still further examination will show that this 
fructification consists erf cylindrical asci, each enclosing eight 
elliptical sporidia, closely packed together, and mixed with 
slender threads called paraphyses. 

Here, then, we have undoubted evidence of Nectria cirnch 
laritoa, with its fruit, produced in asci growing from the stroma 
or stem, and in intimate relationship with what was formerly 
Horned Tubereularia vulgaris. A fungus with two forms of fruit, 

♦ > Bge. 104 to 106 by permission from the “ (hardener’s Chronicle. * 
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one proper to the pink, or Tulercularia form, with naked slender 
conidia, the other proper to the mature fungus, enclosed in asci, 
and generated within the walls of a perithecium. Instances of 
this kind are now known to be far from uncommon, although 



Pro. 106 .— D. Nectna surrounding- Tulercularia ; B. tuft of Nectria cinnabarina / 
F. section of stroma ; 0 . ascus and parapliyses. 

they cannot always, or often, bo so clearly and distinctly traced 
as in the illustration which we have selected. 

It is not uncommon for the conidia of the Sphmria to partake 
of the characteristics of a mould, and then the ponthocia are 
developed amongst the conidial threads. A roeontiy recorded 
instance of this relates to Sphtfria. Epochnii , B, and Br., # the 
conidia form of wftich was long known before the Spbmia 
related to it was discovered, under the name of Epaohnitm » 
Amgorvm. The EpocJmium forms a thin stratum, which over- 
runs various species of Oorticium . The conidia are at first uni- 
septate. The porithecia of the Sph&ria are at first pale bottle- 
green, crowded in the centre of the Epocknium, then black green 
granulated, sometimes depressed at the summit, with a minute 
pore. The sporidia are strongly constricted in the centre, at 
first uniseptate, with two nuclei in each division. 

Another Spharia, in which the association is undoubted is the 

* Berkeley and Broome, in “ Annals of Natural History’' (1860), No. 1177, 
pi. y. fig. 80 ; Cooke, “ Handbook," ii. p. 800. 
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Splceria, aquila , Fr.,* * * § which is almost always found nestling in a 
woolly brown subicnlum, for the most part composed of barren 
brown jointed threads. These threads, however, produce, under 
favourable conditions, mostly before the perfection of the peri- 
thecia, minute subglobose conidia, and in this state constitute 
what formerly bore the name of Sporotrichum fuscum, Link., but 
now recognized as the conidia of Sphceria aquila. 

In Spharianidulans, Schw., a North American species, wo have 
more than once found the dark brown subiculum bearing large 
triseptate conidia, having all the characters of the genus Helmin - 
thosporiumi In Splicer ta pilosa, P., Messrs Berkeley and Broome 
have observed oblong conidia, rather irregular in outline, ter- 
minating the hairs of the perithocium.f The same authors 
have also figured the curious pentagonal conidia springing from 
flexuous threads accompanying Splicer ia felina , Fckl.,f and also 
the threads resembling those of a Cladotrichum with the angular 
conidia of Sphceria cupuhfera , B. and Br.§ A most remarkable 
example is also given by the Brothers Tulasne in JSleospora 
polytricha , in which the eonidia-bearing threads not only 
surround, but grow upon tho perithecia, and are crowned by 
fascicles of septate conidia. || 

Instances of this kind havo now become so numerous that 
only a few can bo cited as examples of tho rest. It is not at all 
improbable that tho majority of what are now classed together 
as species under tho genus of black moulds, llelminlliosporium , 
will at some not very distant period bo traced as tho conidia of 
different species of ascomycotous fungi, foie samo fate may 
also await other allied gonora, but until this association is 
established, they must keep tho rank and position which has 
been assigned to them. 

Another form of dualism, differing somewhat in character 

* Cooke, “ Handbook , ” ii. p. 853, No. 2549 ; specimens in Cooke’s “Fungi 
Britannioi Bxeiccati,” No. 270. 

f Berk, and Br. “Ann. Nat. Hist.” (1865), No. 1096. 

% “ Ann. Nat, Hist.” (1871), No. 1332, pi, xx. %, 23. 

§ No. 1338, pi. xxl fig. 24, 

|| tulasne, “ Select* Fungorum Carpologia,” ii p* 269, pi. 29. 
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from the foregoing, finds illustration in the sphrariaceous genus 
Melanconis , of Tulasne, in which the free spores are still called 
conidia, though in most instances produced in a sort of spurious 
conceptaculum, or borne on short threads from a kind of 
cushion-shaped stroma. In the Melanconis stilbostoma there 
are three forms, one of slender minute bodies, oozing out in the 
form of yellow tendrils, which may be spermatia, formerly called 
Nemaspora crocea. Then there are the oval brown or olive brown 
conidia, which are at first covered, then oozing out in a black 
pasty mass, formerly Melanconimi bicolor, and finally tho sporidia 
in asci of Sphceria stilbostoma , Pries. In Melanconis Berkeley 
Tul., the conidia are quadrilocular, previously known as Stilbo- 
spora macrosperma , B. and Br. In a closely-allied species from 
North America, Melanconis bicornis , Cooke, the appondieulate 
sporidia are similar, and the conidia would also appear to partake 
of the character of Stilbospora. Wo may remark hero that we 
have seen a brown mould, probably an undoscribed species of 
Bematiei , growing in definite patches around tho openings in 
birch bark caused by the erumpent ostiola of the peritheeia of 
Melanconis stilbostoma , from tho United States. 

In Melanconis lanciformisft TuL, there are, it would appear, 
four forms of fruit. One of these consists of conidia, charac- 
terized by Oorda as Ooryneum disciforme.% Stylospores, which 
are also figured by Oorda under the name of Coniothociim beta* 
linum; pycnidia,§ first discovered by Berkeley and Broome, and 
named by them Mender sonia polycystis ; || and the ascophorous 
fruits which constituted the Sphceria lanciformis of Pries. Mr. 
Currey indicated Mendersonia polycystis , B. and Br,, as a form 
of fruit of this species in a communication to the Boyal Sooioty 
in 1857.*fT E£e says this plant grows upon birch, and is in per- 
fection in very moist weather, when it may bo recognized by the 

* Cooke, “ Handbook,” ii p. 878 ; Tulasne, “Carpologia*” iL p. 120, 
plate 14. 

f Tulasne, “ Selecta Fung. Carp.,*' ii. plate 18. 

# Oorda, u Ioonos Fungorum,” vol, iii. fig. 91, 

§ Oorda, “leones/* vol. i. fig. 25. 

I Berk, and Br. “ Ann. Nat. Hist,” No. 415. 

IT Onrrey, in “ Pkilosoph Trans. Boy. Soc.” (1857), pi. 25, 
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large black soft gelatinous protuberances on tbe bark, formed 
by spores escaping and depositing themselves upon and about 
the apex of tbe perithecium. This I suspect to be an abnormal 
state of a well-known Sphseria (S. lanciformis ), wbicb grows 
upon birch, and upon birch only. 

We might multiply, almost indefinitely, instances amongst the 
Sphceriacei , but have already given sufficient for illustration, and 
will therefore proceed briefly to notice some instances amongst 
the Biscomycetes , which also bear their complete or perfect fruit 
in asci. 

The beautiful purple stipitate cups of Bulgaria sarcoides , 
which may be seen flourishing in the autumn on old rotten 
wood, are often accompanied by club-shaped bodies of tho same 
colour; or earlier in the season these clavate bodies may be 
found alone, and at one time bore the name of Premella 
sarcoides. The uppor part of these clubs disseminate a great 
abundance of straight and very slender spermatia. Earlier th a n 
this they are covered with globose eonidia. The fully-matured 
Bulgaria develops on its hymenium clavate delicate asci, each 
enclosing eight elongated hyaline sporidia, so that we have three 
forms of fruit belonging to tho same fungus, viz. conidia and 
spermatia in the Tremella stage, and sporidia contained in asci 
in the mature condition.* The same phenomena occur with 
Bulgaria purpurea, a larger species with different fruit, long 
confounded with Bulgaria sarcoides . 

On the dead stems of nettles it is vory common to meet with 
small orange tubercles, not much larger than a pin’s head, 
which yield at this stage a profusion of slendor linear bodies, 
produced on delicate branched threads, and at ono time bore the 
name of Dacrymyces TTrticm , but which are now acknowledged to 
be only a condition of a little tremelloid Peziza of the same size 
and colour, which might be mistaken for it, if not examined 
with the microscope, but in which there are distinct asci and 
sporidia. Both forms together are now regarded as the same 
fungus, under the name of Peziza fusarioides, B. 

* Tulasne, li On the Eeprod active Apparatus of Fungi,” in “ Oomptes EenduB*' 
(1852), p. 841 ; and Tulasne, “ Selecta Fungorum Carpologm,” vol. Hi. 
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The other series ef phenomena grouped together under the 
name of polymorphism relate to forms which are removed from 
each other, so that the mycelium is not identical, or, more 
usually, produced on different plants. The first instance of this 
kind to which we shall make reference is one of particular 
interest, as illustrative of the old popular creed, that berberry 
bushes near corn-fields produced mildewed com. There is a 
village in ISTorfolk, not far from Great Yarmouth, called “ Mil- 
dew Rollesby,” because of its unenviable notoriety in days past 
for mildewed com, produced, it was said, by the berberry 
bushes, which were cut down, and then mildew disappeared 
from the corn-fields, so that Rollesby no longer merited its 
sobriquet . It has already been shown that tho corn-mildew 
(Puccinia graminis) is dimorphous, having a one-celled fruit 
(: Trichobasis ), as well as a two-celled fruit ( Puccinia ). The 
fungus which attacks the berberry is a species of clustor-cup 
( Mcidium berberidis ), in which little cup-liko peridia, containing 
bright orange pseudospores, are produced in tufts or clusters on 
the green leaves, together with their spcrmogonia. 

De Bary’s observations on this association of forms woro pub- 
lished in 1865. # In view of tho popular belief, ho determined 
to sow the spores of Puccinia graminis on tho loaves of tho ber- 
berry. For this purpose he solectod tho septate resting spores from 
Poapratensis and Triticum repens. Having caused the spores to 
germinate in a moist atmosphere, he placed fragments of the 
leaves on which they had developed their secondary spores on 
young but full-grown berberry leaves, undor the same atmo- 
spheric conditions. In from twenty -four to forty-eight hours 
a quantity of the germinating threads had bored through the 
walls and penetrated amongst the subjacent cells. This took 
place both on the upper and nnder surface of the leaves. Since, 
in former experiments, it appeared that the spores would 
penetrate only in those cases where the plant was adapted to 
develop the parasite, the connection between P. graminis and 

* “Monatsbcricht der Koniglichen Breuss, Ami. der Wlsaensebaften an 
Berlin,” Jan* 1865 ; Summary, in “ doom. Roy. Horfc. Soo., London,” to3L I. 
n.s. p. 107. 
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Mcid. berberidis seemed more than ever probable. In about ten 
days the spermogonia appeared. After a time the cut leaves 
began to decay, so that the fungus never got beyond the 
spermogonoid stage. Some three-year-old seedlings were then 
taken, and the germinating resting spores applied as before. 
The plants were kept under a bell-glass from twenty-four to 
forty-eight hours, and then exposed to the air like other plants. 
Prom the sixth to the tenth day, yellow spots appeared, with 
single spermogonia ; from the ninth to the twelfth, spermogonia 
appeared in numbers on either surface ; and, a few days later, 
on the under surface of the leaves, the cylindrical sporangia 
of the Mcidium made their appearance, exactly as in the 
normally developed parasite, except that they were longer, 
from being protected from external agents. The younger the 
leaves, the more rapid was the development of the parasite, and 
sometimes, in the younger leaves, the luxuriance was far greater 
than in free nature. Similar plants, to the number of two 
hundred, were observed in the nursery, and though some of them 
had Mcidium pustules, not one fresh pustule was produced; 
while two placed under similar circumstances, but without the 
application of any resting spores, remained all the summer free 
from Mcidium. It seems, then, indubitable so far that Mcidium 
lerberidis does spring from the spores of Puccinia greminis . 

It has, however, to be remarked that De Bary was not equally 
successful in producing the Puccinia from the spores of the 
Mcidium. In many cases the spores do not germinate when 
placed on glass, and they do not preserve their power of germi- 
nating very long. He reverts then to the evidence of experi- 
ments instituted by agriculturists. Bonninghausen remarked, in 
1818, that wheat, rye, and barley which were sown in the neigh- 
bourhood of a berberry bush covered with Mcidium contracted 
rust immediately after the maturation of the spores of the Mcidia , 
The rust was most abundant where the wind carried the spores. 
The following year the same observations were repeated ; the 
Spores of the Mcidium were collected, and applied to some healthy 
plants of rye. After five or six days these plants were affected 
with rust, wlple the remainder of the crop was sound. In 1868 
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some winter rye was sown round a berberry bush, winch in. the 
following year was infested with Mcidium , which was mature in 
the middle of May, when the rye was completely covered with 
rust. Of the wild grasses near the bush, Triticum repens was 
most affected. The distant plants of rye were free from rust. 

The spores of the McMium would not germinate on berberry 
leaves ; the berberry Mcidium could not therefore spring from 
the previous Mcidium, The ure do spores of Puccinia grcminis 
on germinating penetrate into the parenchym of the grass on 
which they are sown; but on berberry leaves, if the tips of the 
threads enter for a short distance into the stomates their growth 
at once ceases, and the leaves remain free from parasites. 



Fia. 107.— -Colls and psoudosporos of JEcuUum berberidis. 

Montagne has, howover, described a Puceinia berberidis on 
leaves of Berleris glauca from Chili, which grows in company 



Fra. 108 —Colls and psoudosporos of SBcidium graveolcn*. 


with Meidium berberidis. This at first sight seems to contradict 
the above conclusions ; but the Mcidium which from the same 
disc produces the puccinoid resting spores, appears to be dif- 
ferent from the European species, inasmuch as the cells of the 
wall of the sporangium are twice as largo, and the spores de- 
cidedly of greater diamoter.* The resting spores, moreover, 
* We hare before us an Mcidium, on leaves of Berleris vulgaris, collected at 
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differ not only from those of Fuccinia graminis , but from those 
of all other European species. 

From this account, then, it is extremely probable that the 
Mcidium of the berberry enters into the cycle of existence of 
Fuccinia graminis, and, if this 'be true, wherefore should not 
other species of Fuccinia be related in like manner to other 
Moidia ? This is the conclusion to which many have arrived, 
and, taking advantage of certain presumptions, have, we fear, 
rashly associated many such forms togethor without substantial 
evidence. On the leaves of the primrose we have commonly a 
species of Mcidium^ Fuccinia , and Uromyces nearly at the same 
time ; we may imagine that all those belong to one cycle, but 
it has not yet been proved. Again, Uromyces cacalice , Unger, 
XI redo cacalice , Unger, and JEcidhm cacalice , Thumon, are con- 
sidered by Heuflcr * to form one cycle. Numerous others are 
given by Fucke^t and Do Bary, in the same memoir from which 
we have already cited, notes Uromyces apjpendiculatus, Link., 
U, phaseolorum } Tul., and Fuccinia tragogoyonis , Ca., as possessing 
five kinds of reproductive organs. Towards the end of the year, 
shortly stipitate spores appear on their stroma, which do not fall 
off. These spores, which do not germinate till aftor a shorter or 
longer winter rest, may conveniently be called resting spores, or, 
as Do Bary calls them, teleutosyores , being the last which are 
produced. Theso at length germinate, become articulated, and 
produce ovate or kidney-shaped spores, which in their turn 
germinate, penetrating the cuticle of the mother plant, avoiding 
the stomates or apertures by which it breathes. After about 
two or throe weeks, the mycelium, which has ramified among the 

Berne by Shuttloworth int 1833. It is named by Mm JZcidiim graveolens, and 
differs in the following particulars from Jtcidium lerberiMs. The peridia are 
scattered as in JB. EpiloUi, and not collected in dusters. They are not so 
much elongated, The colls are larger, and the orange spores nearly twice the 
diameter. There Is a decided, strong, but unpleasant odour in the fresh plant ; 
hence the name. The above figures (figs. 107, 108). of the cells and spores of 
both species are drawn by camera lucida to the same scale — 880 diameters. 

* Frdherrn von Hohenbuhel-Heuflex, in “(Esterr, Botan. Zeitschrift,” 
fflo, 3, 1670, 

t fnokel, ^fryiaboke Mycologies” (1869), p. 49, 



POLYMORPHISM. 


203 


tissues, produces an JEcidium, with, its constant companion, sper- 
mogonia — distinct cysts, that is, from which a quantity of minute 
bodies ooze out, often in the form of a tendril, the function of 
which is imperfectly known at present, hut which from analogy 
we regard as a form of fruit, though it is just possible that they 
may be rather of the nature of spermatozoids. The JEcidia 
contain, within a cellular membranous sac, a fructifying disc, 
which produces necklaces of spores, which ultimately separate 
from each other in the form of a granular powder. The grains 
of which it is composed germinate in their turn, no longer 
avoiding the stomates as before, but penetrating through their 
aperture into the parenchym. The new resultant mycelium 
reproduces the TJredo , or fifth form of fructification, and the 
TJredo spores fall off like those of the JEcidium, and in respect 
of germination, and mode of penetration, present precisely the 
same phenomena. The disc which has produced the TJredo 
spores now gives rise to the resting spores, and so the cycle is 
complete.* 

The late Professor CErsted, of Copenhagen, was of opinion 
that he had demonstrated the polymorphy of tho Tromolloid 
Uredines, and satisfied himself that the one condition known as 
JPodisoma was but another stage of RcesteUa.f Some freshly- 
gathered specimens of Gymnosporangium wore damped with 
water, and during the night following the sporos germinated 
profusely, so that tho teleutospores formod an orange-coloured 
powder. A little of this powder was placed on the leaves of 
five small sorbs, which were damped and placod under bell- 
glasses. In five days yellow spots wore seen on tho leaves, and 
in two days more indications of spermogonia. The spermatia 
were discharged, and in two months from the first sowing, 

* Almost simultaneously with De Bary, the late Professor CErsted instituted 
experiments, from which the same results ensued, as to JScidiwm Urfaridk and 
Puccinia gramkiu, Soe “ Joum. Hort. Soc. Lond.” new ser. i. p. 85. 

+ “Oversigt over det Kon. Danske Yidens. Solskabs’* (I860), j>, 185, t. 8, 4; 
(1807*,) p* 208, t. 8, 4 ; u R6sum6 du Bulletin do la Soc. Roy. Hanoi so do» 
Sciences” (i860), p. 15 ; (1807), p. 38 ; “ Botanische Zdtoung” (1867), p. 104 } 
u Quekett Microscopical Club Journal,” voL it p. 200. 
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the peridia of Boestelia appeared, and were developed. u This 
trial of spores,” says CErsted, “ has conduced to the result ex- 
pected, and proves that the teleutospores of Gymnosporangium^ 
when transported upon the sorb, give rise to a totally different 
fungus, the Boestelia cornuta , that is to say, that an alternate 
generation conies between these fungi. They appertain in con- 
sequence to a single species, and the Gymnosporangium ceased to 
be an independent species, and must be considered as synony- 
mous with the first generation of Boestelia . The spores have 
been transported upon young shoots of the juniper-tree, and 
have now commenced to produce some mycelium in the bark. 
There is no doubt that in next spring it will result in Gymno - 
sporangium” 

Subsequently the same learned professor instituted similar 
experiments upon other hosts, with the spores of Podisoma, and 
from thence he concluded that Boestelia and JPodisoma , in all 
their known species, were but forms the one of the other. 
Hitherto we are not aware that these results have been con- 
firmed, or that the sowing of the spores of Boestelia on juniper 
resulted in JPodisoma . Such experiments should be received 
always with care, and not too hastily accepted in their apparent 
results as proven facts. Who shall say that Boestelia would not 
have appeared on Sorbus within two months without the sowing 
of Podisoma spores? — because it is not by any means uncommon 
for that fungus to appear upon that plant. It is true many 
mycologists write and speak of Boestelia and Podisoma (or 
Gymnosporangium) as identical ; but, as wo think, without the 
evidence being so complete as to be beyond suspicion. It is, 
nevertheless, a curious fact that in Europe the number of species 
of Boestelia and Podisoma are equal, if one species be excluded, 
which is certainly not a good Podisoma , for the reception of 
which a new genus has been proposed.* 

Amongst the ascigerous fungi will be found a curious but inte- 
resting genus formerly called Cordyceps, but for which Tulasne, 
in consequence of the discovery of secondary forms of fruit, 

* Ms is Podisoma foliicola, B. and Br., or, as proposed in “Joum. Quekott 
Olub,” ii. p. 267, Scvrcostroma Berheleyi, 0, 
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has substituted that of Torrulia. 1 * * * § These curious fungr^nafi^ake ^ 
more or less of a clavate form, and are parasitic on infeoefe 1 . 
The pupse of moths are sometimes seen bearing upon them the 
white branched mould, something like a Clavaria in appearance, 
to which the name of Isaria farinosa has been given. According 
to Tulasne, this is the conidia form of the bright scarlet, club- 
shaped body which is also found on dead pupae, called Torrulia 
militcvris. An American mould of the same genus, Isaria 
sphingum, found on mature moths, f is in like manner declared to 
be the conidia of Torrulia sphingum; whereas a similar mould, 
found on dead spiders, called Isaria arachnop7ii2a,% is probably 
of a similar nature. An allied kind of compact mould, which 
is parasitic on Cocci, on the bark of trees, recently found in 
England by Mr. C. E. Broome, and named Microcera coccojphila,§ 
is said by Tulasne to be a condition of Sjyhcerastilbe, and it is 
intimated that other productions of a similar character bear 
like relations to other sphoeriaceous fungi. For many species 
of Torrulia no corresponding conidia are yet known. 

Some instances might bo noted, not without interest, in 
which the facts of dimorphism or polymorphism have not been 
satisfactorily proved, but final judgment is hold in suspense 
until suspicion is replaced by conviction. Some years since, a 
quantity of dead box leaves were collected, on which flourished at 
the time a mould named Fenicillium roseum. This mould has a 
roseate tint, and occurs in patches on tho dead loaves lying upon 
the ground ; the threads are erect and branched above, bearing 
chains of oblong, somewhat spindle-shaped spores, or, perhaps 
more accurately, conidia. When collected, these leaves were 
examined, and nothing was observed or noted upon them except 
this Tenicillmm. After some time, certainly between two and 
throe years, during which period the box remained undisturbed, 
circumstances led to tho examination again of one or two of the 
leaves, and afterwards of the greater number of them, whon tho 

* Masne, “ Selocta Fungorum Carpologia,* iii. p. 6, pi L figs. 19-31. 

f Oramar’s “Papilio Exotic” (1782), fig. 267* 

t Oooke, “ Handbook,” p. 548, Ho. 1689. 

§ Ibid. p. 556, Ho. 1066. 
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patches of Penicillium were found to be intermixed with anothei 
mould of a higher development, and far different character. 
This mould, or rather Mucor , consists of erect branching 
threads, many of the branches terminating in a delicate globose, 
glassj head, or sporangium, containing numerous very minute 
subglobose sporidia. This species was named Mucor hyalinus.* 
The habit is very much like that of the Penicillium , but without 
any roseate tint. It is almost certain that the Mucor could not 
have been present when the Penicillium was examined, and the 
leaves on which it had grown were enclosed in the tin box, but 
that the Mucor afterwards appeared on the same leaves, some- 
times from the same patches, and, as it would appear, from the 
same mycelium. The great difference in the two species lies in 
the fructification. In the Penicillium , the spores are naked, and 
in moniliform threads ; whilst in Mucor the spores are enclosed 
within globose membraneous heads or sporangia. Scarcely can 
we doubt that the Mucor alluded to above, found thus intermixed, 
under peculiar circumstances, with Penicillium roseurn , is no other 
than the higher and more complete form of that species, and 
that the Penicillium is only its conidiiferous state. The pre- 
sumption in this case is strong, and not so open to suspicion as it 
would be did not analogy render it so extremely probable that 
such is the case, apart from the fact of both forms springing 
from the same mass of mycelium. In such minute and delicate 
structures it is very difficult to manipulate the specimens so as 
to arrive at positive evidence. If a filament of mycelium could 
be isolated successfully, and a fertile thread, bearing the fruit of 
each form, could be traced from the same individual mycelium 
thread, the evidence would be conclusive. In default of such 
conclusive evidence, we are compelled to rest with assumption 
until farther researches enable us to record the assumption as 
fact.f 

Apropos of this very connection of Penicillium with Mucor, a 
(Similar suspicion attaches to an instance noted by a wholly dis- 

* Specimens were published under this name in Cooke's “ Fungi Britannid 
fizmccati,” No. ,859. 

f Cooke, “ On Polymorphism in Fungi," in “Popular Sdenoe Review.” 
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interested observer to tbis effect. “ On a preparation preserved 
in a moist chamber, on the third day a white speck was seen on 
the surface, consisting of innumerable 4 yeast * cells, with some 
filaments, branching in all directions. On the fourth day tufts 
of Penicillium had developed two varieties — P. glaucum and 
P. viride. This continued until the ninth day, when a few of 
the filaments springing up in the midst of the Penicillium were 
tipped with a dewdrop-like dilatation, excessively delicate — a 
mere distended pellicle. In some cases they seemed to be 
derived from the same filament as others bearing the ordinary 
branching spores of Penicillium , but of this I could not be 
positive. This kind of fructification increased rapidly, and on 
the fourteenth day spores had undoubtedly developed within the 
pellicle, just as had been observed in a pre^ous cultivation 8 
precisely similar revolving movements being also manifested.”* 
Although we have here another instance of Mucor and JPenicillium 
growing in contact, the evidence is insufficient to warrant more 
than a suspicion of their identity, inasmuch as tho equally 
minute spores of Mucor and JPenicillium might have mingled, 
and each producing its kind, no relationship whatever have 
existed between them, except their development from the same 
matrix. 

Another case of association — for the evidonce does not proceed 
further— was recorded by us, in which a dark-coloured species 
of JPenicillium was closely associated with what we now believe 
to be a species of Macros'poriim — but then designated a Spo~ 
ridesmium — and a minute Sphceria growing in succession on 
damp wall-paper. Association is all that the facts warrant us 
in calling it. 

“We cannot forbear alluding to one of the species of Sphceria 
to which Tulasne f attributes a variety of forms of fruit, and we 
do so here because we think that a circumstance so extraordi- 
nary should be confirmed before it is accepted as absolutely true. 
This refers to the common Sphceria found on herbaceous plants, 

* Lewis’s “ Report on Microscopic Objects found in Cholera Eradiations,” 
Calcutta, 1870. 

f Tulasne, “ Selecta Fungorum Carpologia,” Si p. 261. 
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known as Sphceria ( Pleospora ) herlarum . First of all the very 
common mould called Cladospormm herlarum is constituted as 
conidia, and of this again Ilacrosporium sarcinula , Berk., is con- 
sidered to be another condition. In the next place, Ci/tispora 
orbicularis , Berk., and JPhoma herb arum, West, are regarded as 
pycnidia, enclosing stylospores. Then Alternaria tenuis , Pr.,* 
which is said to be parasitic on Cladosporium herlarum, is held 
to be only a form of that species, so that here wo have (including 
the perithecia) no less than six forms or phases for the same 
fungus. As Macrosporium Cheiranthi, Pr., often is found in 
company with Qladosporium herlarum , that is also open to 
suspicion. 

We have adduced in the foregoing pages a few instances 
which will serve to illustrate the polymorphism of fungi. 
Some of these it will bo observed are accopted as beyond doubt, 
occurring as they do in intimate relationship with each other. 
Others are considered as scarcely so well established, but 
probable, although developed sometimes on different spocios of 
plants. Finally, some are regarded as hitherto not satisfactorily 
proved, or, it may bo, only suspicious. In this latter group, 
however much probability may bo in their favour, it can hardly 
he deemed philosophical to accept thorn on such slender evidence 
as in some cases alone is afforded. It would not have been 
difficult to have extended tho latter group considerably by the 
addition of instances enumerated by various mycologists in 
their works without any explanation of tho data upon which 
their conclusions have been founded. In fact, altogether this 
chapter must bo accopted as illustrative and suggestive, but by 
no means as exhaustive. 


* Corda, t( PIaclltflora, ,, plate vii. 
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INFLUENCES AND EFFECTS. 

It is no longer doubted that fungi exercise a large and very 
important influence in the economy of nature. It may be that 
in some directions these influences are exaggerated ; but it is 
certain that on the whole their influence is far more important 
for evil and for good than that of any other of the Cryptogamia. 
In our endeavour to estimate the character and extent of these 
influences it will prove advantageous to examine them under 
three sections. 1. Their influence on man. 2. Their influence 
on lower animals. 3. Their influence on vegetation. Under 
these sections the chief facts may be grouped, and some approxi- 
mate idea obtained of the very great importance of this family of 
inferior plants, and consequently the advisability of pursuing 
their study more thoroughly and nationally than has hitherto 
been done. 

I In estimating the influence of fungi upon man, wo naturally 
enough seek in the first instance to know what baneful effects 
they are capable of producing on food. Although in the case of 
“poisonous fungi,” popularly understood, fungi may be the 
passive agents, yet they cannot bo ignored in an inquiry of this 
nature. Writing of the Uses of Fungi, we have already shown 
that a large number are available for food, and some of those 
real delicacies ; so, on the other hand, it becomes imperative, 
even with stronger emphasis, to declare that many are poisonous, 
and some of them virulently so. It is not sufficient to say that 
they are perfectly harmless until voluntarily introduced into the 
human system, whilst it is well known that accidents arc alwaya 

F 
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possible, and probably would be if every baneful fungus bad the 
word poison inscribed in capitals on its pileus. 

The inquiry is constantly being made as to wbat plain rules 
can be given for distinguishing poisonous from edible fungi, and 
we can answer only that there are none other than those which 
apply to flowering plants. How can aconite, henbane, cenanthe, 
stramonium, and such plants, be distinguished from parsley, 
sorrel, watercress, or spinach ? Manifestly not by any general 
characters, but by specific differences. And so it is with the 
fungi. We must learn to discriminate Agaricus muscarius from 
Agaricus rubescens , in the same manner as we would discriminate 
parsley from JEthusa cynapium. Indeed, fungi have an advantage 
in this respect, since one or two general cautions can be given, 
when none such are applicable for higher plants. For instance, 
it may be said truly that all fungi that exhibit a rapid change 
to blue when bruised or broken should be avoided; that all 
Agarics are open to suspicion which possess an acrid taste ; that 
fungi found growing on wood should not bo eaten unless the 
species is well known ; that no species of edible fungus has a 
strong, unpleasant odour, and similar cautions, which, after all, 
are insufficient. The only safo guide lies in mastering, one by 
one, the specific distinctions, and increasing the number of one’s 
own esculents gradually, by dint of knowledge and experience, 
even as a child learns to distinguish a filbert from an acorn, or 
with wider experience will thrust in his mouth a leaf of Oxalis 
and reject that of the white clover. 

One of the most deleterious of fungi that we possess is at the 
same time one of the most beautiful. This is the Agaricus 
imscarius, or Fly Agaric, which is sometimes used as a fly 
poison,* It has a bright crimson pileus studded with pale 
whitish (sometimes yellowish) warts, and a stem and gills of 
ivory whiteness. Many instances have been recorded of poison- 
ing by this fungus, and amongst them some British soldiers 
abroad, and yet it cannot be doubted that this fungus is eaten in 

* A detailed account of the peculiar properties of this fungus and its employ* 
xnent as a narcotic will he found in Cooke's “Seven Sisters of Sleep/* p, 887. 
It Is figured in (Seville’s “Scottish Ciyptogamic Flora,” plate 54. 
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Russia. Two instances have come under onr notice of persons 
with some botanical knowledge, and one a gardener, who had 
resided in Russia and eaten of this fungus. In one case the Ily 
Agaric was collected and shown to us, and in the other the 
figure was indicated, so that we might be under no doubt as to 
the species. Only one hypothesis can be advanced in explana- 
tion. It is known that a large number of fungi are eaten in 
Russia, and that thoy enter much into the domestic cookery of 
the peasantry, but it is also known that they pay considerable 
attention to the mode of cooking, and add a largo amount of salt 
and vinegar, both of which, with long boiling, must be powerful 
agents in counteracting the poison (probably somewhat volatile) 
of such fungi as the My Agaric. In this place we may give a 
recipe published by a French author of a process for rendering 
poisonous fungi edible. It must be taken on his authority, and 
not our own, as we have never made the experiment, notwith- 
standing it seems somewhat feasible: — For each pound of mush- 
rooms, cut into moderately small pieces, take a quart of water 
acidulated with two or three spoonfuls of vinegar, or two spoon- 
fuls of bay salt. Leave the mushrooms to macerate in the liquid 
for two hours, then wash them with plenty of water ; this done, 
put them in cold water and make thorn boil. Aftor a quarter or 
half hour’s boiling take them off and wash them, then chain, and 
prepare them either as a special dish, or use thorn for seasoning 
in the same manner as other species.* 

This method is said to have been tried successfully with some 
of the most dangerous kinds. Of these may be mentioned the 
emetic mushroom, Russula emeiica , with a bright red pilaus and 

* Four chaque 500 grammes de champignons coupes en morceaux d’aswez 
mediocre grandeur, il faut un litre d’eau aciduISo par deux ou trois cuiller^es de 
vinaigre, on deux cuillerdes de sel grig, Dans le cas ou Ion n’aurait quo de Feau 
A sa disposition, il faut la renouveler une ou deux foie. On laisse lea cham- 
pignons maedrer dans le liquids pendant deux heures eati&res, puis on lea lave 4 
grande eau. Us sont alors mis dans de Feau froide qu’on ports & l’dbullition, et 
apr&s un quart d'heure ou une demi-hetzre, on los retire, on les lave, on les 
essnie, et ou les appr£te soit eomme un mets epdoial, et ils comportent les 
m$mee assaisonnements quo les autres, soit oornme condiment. — Morel TrmU 
des Champignons, p. lix Paris, 1855. 

* 2 
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white gills, which has a clear, waxy, tempting appearance, but 
which is so virulent that a small portion is sufficient to produce 
disagreeable consequences. It would be safer to eschew all fungi 
with a red or crimson pileus than to run the risk of indulging in 
this. A white species, which, however, is not very common, 
with a bulbous base enclosed in a volva, called Agaricus vermis, 
should also be avoided. The pink spored species should also be 
regarded with suspicion. Of the Boleti several turn blue when 
cut or broken, and these again require to be discarded. This is 
especially the case with Boletus luridus* * * § and Boletus Sat anas ^ 
two species which have the under surface or orifice of tho pores 
of a vermilion or blood-red colour. 

Not only are species which aro known to be poisonous to be 
avoided, but discretion should bo used in eating recognized good 
species. Fungi undergo chemical changes so rapidly that even 
the cultivated mushroom may cause inconvenience if kept so 
long after being gathered as to undergo chemical change. It is 
not enough that they should be of a good kind, but also fresh. 
The employment of plenty of salt in their preparation is calcu- 
lated very much to neutralize any deleterious property. Salt, 
pepper, and vinegar are much more freely employed abroad in 
preparing fungi than with us, and with manifest advantage. 

It is undoubtedly true that fungi exert an important influence 
in skin diseasos. This seems to be admitted on all hands by 
medical men, J however much they may differ on tho question of 
the extent to which they aro the cause or consoquenco of disease. 
Facts generally scorn to bear out tho opinion that a great number 
of skin diseases are aggravated, and even produced, by fung'n 
Robin § insists that a peculiar soil is necessary, and Dr. Fox 
says it is usually taught that tuberculous, scrofulous, and dirty 
people furnish the best nidus. It is scarcely necessary to onu- 

* Smith’s “ Chart of Poisonous Fungi,” fig. 10. 

t Ibid, fig. 27, It would bo well to become acquainted with all those figures, 

t “Skin Diseases of Parasitic Ori^n,” by Dr Tilbury Fox. London, 1883. 

§ Bobin, “Hist. Nat. des Vtigetaux Parasites.” Pans, 1853, Kuehentnowtor, 
“Animal and Vegetable Parasites of the Human Body.” London, Sydenham 
Society, 1857. 
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merate all these diseases, with which medical men are familiar, 
but simply to indicate a few. There is favus or scali-head, 
called also “porrigo,” which has its primary seat in the hair 
follicles. Plica polonica, which is endemic in Russia, is almost 
cosmopolitan. Then there is Tinea tonsurans, Alopecia, 
Sycosis, &c., and in India a more deeply-seated disease, the 
Madnra Foot, has been traced to the ravages of a fungus 
described under the name of Ckionyphe Garteri .* It is probable 
that the application of different names to the very often im- 
perfect forms of fungi which are associated with different 
diseases is not scientifically tenable. Perhaps one or two 
common moulds, such as Aspergillus or Penicilliwn, lie at the 
base of the majority, but this is of little importance here, and 
does not affect the general principle that some skin diseases are 
due to fungi. 

Whilst admitting that there are such diseases, it must be 
understood that diseases have been attributed to fungi as a 
primary cause, when the evidence does not warrant such a 
conclusion. Diphtheria and thrash have been referred to the 
devastations of fungi, whereas diphtheria certainly may and 
does occur without any trace of fungi. Fevers may some- 
times be accompanied by fungoid bodies in the evacuations, 
but it is very difficult to determino them. The whole 
question of epidemic diseases being caused by tho presence 
of fungi seems based on most incomplete evidence. Dr. 
Salisbury was of opinion that camp measlos was produced by 
Puoeinia graminis , the pseudosporos of which germinated in 
the damp straw, disseminated the resultant secondary bodies in 
the air, and caused the disease. This has novor been verified. 
Measles, too, has been attributed freely, as well as scarlatina, t 
to fungal influences, and the endeavours to implicate fangi in 
being tho cause of cholera havo been pertinaciously persevered 
in with no conviction. The presence of certain cysts, said to 
be those of XJrooystis , derived from rice, was announced by Dr* 

* Berkeley, in “Intellectual Observer,” Nov., 1802. “Mycetoma,” H. 
Vandyke Carter, 1874. 

f Hallier and Zum, “ Zeitschrift ftir Parasitenkun&e,” Jena, 1802*71* 



214 


FUNGI. 


Hallier, but when it was shown that no such fungus was found 
on rice, this phase of the theory collapsed. Special and compe- 
tent experts were sent from this country to examine the prepara- 
tions and hear the explanations of Dr. Hallier on his theory of 
cholera contagion, but they were neither convinced nor satisfied. 

As long ago as 1853, Dr. Lauder Lindsay examined and 
reported on cholera evacuations, and in 1856 he declared — “ It 
will be evident that I can see no satisfactory groundwork for 
the fungus theory of cholera, which I am not a little surprised 
to find still possesses powerful advocates.’* * And of the exam- 
inations undertaken by him he writes : — “ The mycelium and 
sporules of various species of fungi, constituting various forms 
of vegetable mould, were found in the scum of tho vomit, as 
well as of the stools, but only at some stage of decomposition. 
They are found, however, under similar circumstances, in tho 
vomit and stools of other diseases, and, indeed, in all decom- 
posing animal fluids, and they are therefore far from peculiar to 
cholera.” 

Some writers have held that the atmosphere is often highly 
charged with fungi spores, others have denied the presence of 
organic bodies to any extent in tho air. The experiments con- 
ducted in India by Dr. Cunningham + have boon convincing 
enough on this point. This report states that spores and similar 
colls were of constant occurrence, and wore generally present in 
considerable numbers. That the majority of tho cells wore living 
and ready to undergo development on meeting with suitable 
conditions was very manifest, as in those cases in which prepa- 
rations wore retained under observation for any length of time, 
germination rapidly took place in many of tho cells ; indeed, 
many spores already germinating were deposited on the slides. 
La few instances did any development take place beyond the 

* Dr. louder Lindsay, “On Microscopical and Clinical Characters of Cholera 
Evacuations,” reprinted from “Edinburgh Medical Journal,” February and 
Match, 1850 j also “Clinical Notes on Cholera,” by W. lander Lindsay, M.D., 
F.L.S., in “Association Medical Journal” for April 14, 1854. 

f “ Microscopic Examinations of Air,” from the “ Ninth Annual Report of the 
Sanitary Commij&iotter,” Calcutta, 1872. 
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formation of mycelium or masses of toruloid cells, but in 
one or two distinct sporules were developed on the filaments 
arising from some of fclie larger septate spores, and in a few 
others Penicillium and Aspergillus produced their characteristic 
heads of fructification. 

With regard to the precise nature of the spores and other 
cells present in various instances little can be said, as, unless 
their development were to be carefully followed out through all 
its stages, it is impossible to refer them to their correct species 
or even genera. The greater number of them are apparently 
referable to the old orders of fungi — Sphceronemei , H£elcmconei f 
Torulacei, Dematiei , and Mucedines , while some probably be- 
longed to the JBucciniei and Oocemacei. Amongst those belonging 
to the Torulacei , the most interesting was a representative of 
the rare genus Tetraploa . Distinct green algoid cells occurred 
in some specimens. Then follow in the report details of obser- 
vations made on the rise and fall of diseases, of which diarrhcea, 
dysentery, cholera, ague, and dengue were selectod and compared 
with the increase or diminution of atmosphoric colls. The con- 
clusions arrived at are 

u Spores and other vegetable cells arc constantly present in 
atmospheric dust, and usually occur in considerable numbers ; 
the majority of them are living, and capable of growth and 
development. The amount of them present in the air appears 
to he independent of conditions of velocity and direction of the 
wind, and their number is not diminished by moisture. 

u No connection can be traced between the numbers of 
bacteria, spores, &c., present in tho air, and the occurrence of 
diarrhoea, dysentery, cholera, ague, or dengue, nor between the 
presence or abundance of any special form or forms of cells, and 
fhe prevalence of any of these diseases. 

“ The amount of inorganic and amorphous particles and other 
debris susponded in the atmosphore is directly dependent on 
conditions of moisture and velocity of wind.” 

This report is accompanied by fourteen large and well-executed 
plates, each containing hundreds of figures of organic bodies col- 
lected from the air between Pebruary and September. It is vain- 
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able both for its evidence as to the number and character of the 
spores in the air, and also for the tables showing the relation 
between five forms of disease, and their fluctuations, as com- 
pared with the amount of spores floating in the atmosphei’e. 

We are fain to believe that we have represented the influence 
of fungi on man as far as evidence seems to warrant. The 
presence of forms of mould in some of their incipient conditions 
in different diseased parts of the human body, externally and 
internally, may be admitted without the assumption that they 
are in any manner the cause of the diseased tissues, except in 
such cases as we have indicated. Hospital gangrene may bo 
alluded to in this connection, and it is possible that it may be 
due to some fungus allied to the crimson spots (blood rain) 
which occur on decayed vegetation and meat in an incipient 
stage of decomposition. This fungus was at ono time regarded 
as an algal, at another as animal ; but it is much more probable 
that it is a low condition of some common mould. The readiness 
with which the spores of fungi floating in the atmosphere 
adhere to and establish themsolves on all putrid or corrupt sub- 
stances is manifest in the experience of all who have had to do 
with the dressing of wounds, and in this case it is a matter of 
the greatest importance that, as much as possible, atmospherical 
contact should be avoided. 

Recently a case occurred at the Botanic Gardons at Edin- 
burgh which was somewhat novel. The assistant to the bota- 
nical profossor was preparing for demonstration some dried 
specimens of a largo puff-ball, filled with the dust-like spores, 
which be accidentally inhaled, and was for some time confined 
to his room under medical attendance from the irritation they 
caused. This would seem to prove that tho spores of somo 
fungi are liable, when inhaled in largo quantities, to derange 
the system and become dangerous ; but under usual and natural 
conditions such spores are not likely to be present in the atmo- 
sphere in sufficient quantity to cause inconvenience. In the 
autumn a very largo number of basidiospores must be present 
in the atmosphere of woods, and yet there is no reason to 
believe that it is more unhealthy to breathe the atmosphere of 
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a wood in September or October than in January or May. 
Dreadful effects are said to be produced by a species of black 
rust which attacks the large South of Europe reed, Arundo donux . 
This is in all probability the same species with that which 
attacks Arundo 'phrcigmitis in this country, the spores of which 
produce violent headaches and other disorders amongst the 
labourers who cut the reeds for thatching. M. Michel states 
that the spores from the parasite on Arundo donax , either inhaled 
or injected, produce violent papular eruption on the face, 
attended with great swelling, and a variety of alarming symp- 
toms which it is unnecessary to particularize, in various parts of 
the body.* Perhaps if Sarcina should ultimately prove to be a 
fungus, it may bo added to the list of those which aggravate, if 
they are not the primary cause of, disease in the human subjoct. 

II. What influences can bo attributed to fungi upon animals 
other than man ? Clearly instinct preserves animals from many 
dangers. It may be presumed that under ordinary circum- 
stances there is not much fear of a cow or a sheep poisoning 
itself in a pasture or a wood. But under extraordinary 
circumstances it is not only possible, but very probable, that 
injuries may occur. For instance, it is woll known that not 
only rye and wheat, but also many of the grasses, are liablo to 
infection from a peculiar form of fungus called “ergot.” In 
certain seasons this ergot is much more common than others, 
and the belief is strong in those who ought to know something 
of the subject from experience, viz., farmers and graziers, that in 
such seasons it is not uncommon for cattle to slip thoir young 
through feoding on ergotized grass. Then, again, it is fairly 
open to inquiry whether, in years when “red rust” and 
“mildew” are more than usually plentiful on grassos, -these 
may not be to a certain extent injurious. Without attempting 
to associate the cattle plague in any way with fungi on 
grass, it is nevertheless a most remarkable coincidence that 
the year in which the cattle disease was most prevalent in 
this country was one in which there was — at least in some 
districts — more “red rust” on grasses than we ever remem- 
* “ Gardener’s Chronicle,” March 20, 1804. 
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ber to have seen before or since; the clothes of a person 
walking through the rusty field soon became orange- coloured 
from the abundance of spores. Graziers on this point again 
seem to be generally agreed, that they do not think “ red rust 
has been proved to be injurious to cattle. The direct influence 
of fungi on quadrupeds, birds, reptilia, &c., seems to be in- 
finitesimally small. 

Insects of various orders have been observed from time to 
time to become the prey of fungi.* That known at Guadaloupe 
under the name of La Guipe Vepefale, or vegetable wasp, has 
been often cited as evidence that, in some instances at least, 
the fungus attacks the insect whilst still living. Dr. Madianna 
states that he has noticed the wasp still living with its in- 
cumbrance attached to it, though apparently in the last stage of 
existence, and seeming about to perish from the influence of its 
destructive parasite.*)* This fungus is called by Tulasne Torrubia 
sphecocephala.X About twenty-five species of this genus of 
sphaeriaceous fungi have been described as parasitic on insects. 
Five species are recorded in South Carolina, one in Penn- 
sylvania, found on the larvae of the May-bug, and one other 
North American species on Nocturnal Lopidoptera, one in 
Cayenne, one in Brazil, on the larva of a Cicada , and one on a 
species of ant, two in the Wost Indies, one in New Guinea on 
a species of Coccus , and one on a species of Vespa in Senegal. 
In Australia two species have been recorded, and two are natives 
of New Zealand. Dr. Hooker found two in the Khassya moun- 
tains of India, and one American species has also boon found 
at Darjeeling., It has long been known that one species, which 
has a medicinal repute there, is found in China, whilst throe 
have been recorded in Great Britain. Opinions arc divided as 
to whether in these instances the fungus causes or is subsequent 
to the death of the insect. It is generally the belief of ento- 
mologists that the death of the insect is caused by the fungus. 

* (fray, G., u Notices of Insects that are Known to Form the Bases of Fungoid 
Parasites.” London, 1858. 

f Halsey, “Ann. Lyceum,” New York, 1824, p. 125. 

t Tulasne, “Selecta Fung. Carp.” vol xii p. l^T, 
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In the case of Isaria sgliingum, which is the eonidia form of a 
species of Torrubia , the moth has been found standing on a leaf, 
as during life, with the fungus sprouting from its body. 

Other and less perfect forms of fungi also attack insects. 
During the summer of 1826, Professor Sebert collected a great 
many caterpillars of Arctia mllica , for the purpose of watching 
their growth. These insects on arriving at their fall size became 
quite soft, and then suddenly died. Soon after they became 
hard, and, if bent, would easily break into two pieces. Their 
bodies were covered with a beautiful shining white mould. 
If some of the caterpillars affected with the parasitic mould 
were placed on the same tree with those apparently free from 
its attack, the latter soon exhibited signs that they also were 
attacked in the same manner, in consequence of coming into 
contact with each other.* 

During the spring of 1851, some twelve or twenty specimens 
were found front amongst myriads of Cicada sejptemdecim, which, 
though living, had the posterior third of the abdominal contents 
converted into a dry, powdery, ocliroous -yellow compact mass 
of sporuloid bodies. The outer coverings of that portion of 
the insect were loose and easily detached, leaving the fungoid 
matter in the form of a cone affixed by its base to the unaffected 
part of the abdomen of the insect. The fungus may commence, 
says Dr. Leidy, its attacks upon the larva, develop its mycelium, 
and produce a sporular mass within the active pupa, when many 
are probably destroyed ; but should some be only affected so far 
as not to destroy the organs immediately essential to life, they 
might undergo their metamorphosis into the imago, in which 
ease they would be affected in the manner previously described. + 

The common house-fly in autumn is very usually subject to 
the attacks of a mouldy fungus callod Sporendonema mmea, or 
Empusa muscce in former times, which is now regarded as the 
terrestrial condition of one of the Saprolegniei,% The flies 
become sluggish, and at last fix themselves to some object on 

* “ Berlin Entom. Zoitung,” 1858, p. 178. 

t “Smithsonian Contributions to Knowledge,” r. p. 58. 

$ “ Wiegmann Archive 1885, ft p. 854 ; “ Ann. Nat, Hist/' 1841, 405 * 
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which they die, with their legs extended and head depressed, 
the body and wings soon becoming covered with a minute white 
mould, the joints of which fall on the surrounding object. Ex- 
amples are readily distinguished when they settle on windows 
and thus succumb to their foe. Mr. Gray says that a similar 
mould has been observed on individuals of the wasp family. 

A Gryllotalpa was found in a wood near Newark, Delaware, 
TJ. S., upon turning over a log. The insect was seen standing 
very quietly at the mouth of its oval cell, which is formed 
in the earth, having a short curved tube to the surface. Upon 
taking it up it exhibited no signs of movement, though perfectly 
fresh and lifelike in appearance. On examining it next morning 
it still presented no signs of life. Every part of the insoct was 
perfect, not even the antennas being broken. Upon feeling it, 
it was very hard and resistant, and on making an incision 
through the thorax it exhaled a fungoid odour. Tho insect had 
been invaded by a parasitic fungus which everywhere filled the 
animal, occupying tho position of all the soft tissue, and extend- 
ing oven into the tarsal joints. It formed a yellowish or cream- 
coloured compact mass.* 

The destructive silk- worm disease, Rotrytis Rmsiana , is also 
a fungus which attacks and destroys tho living insoct, concern- 
ing which an immense deal has been written, but which has not 
yet been eradicated. It has also been supposed that a low form 
or imporfect condition of a mould has much to do with the 
disease of bees known as “ foul brood.” f 

Renicillium Fieben , figured by Oorda on a beetle, was doubt- 
less developed entirely after death, with which event it had 
probably nothing whatever to do.J Sufficient, however, has 
been written to show that fungi have an influence on insect life, 
and this might he extended to othor animal forms, as to spiders, 
on which one or two spooies of Is aria are developed, whilst 
Dr. Loidy has recorded observations on Julm§ which may he 
* Leidy, “Froo. Acad. Nat. Sci. Phil.” 1551, p. 204. 
f u hardener’s Chronicle,” November 21, 1868. 
t Oorda, “ Prachtfiora,” pi. ix. 

§ Leidy, “ Fauna and. Flora within Living Animals,” in Smithsonian Con- 
tributions to Knowledge.” 
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perused with advantage. Fish are subject to a mouldy-looking 
parasite belonging to the Saprolegniei , and a similar form 
attacks the ova of toads and frogs. Gold fish in globes and 
aquaria are very subject to attack from this mouldy enemy, and 
although we have seen them recover under a constant change of 
water, this is by no means always the case, for in a few weeks 
the parasite will usually prevail. 

The influence of fungi upon animals in countries other than 
European is very little known, except in the case of the species 
of Torrubia found on insects, and the diseases to which silk- 
worms are subject. Instances have been recorded of the occur- 
rence of fungoid mycelium — for in most it is nothing more — in 
the tissues of animals, in the hard structure of bono and shell, 
in the intestines, lungs, and other fleshy parts, and in various 
organs of birds.* In some of the latter cases it has been de- 
scribed as a Mucor, in most it is merely cells without sufficient 
character for determination. It is by no means improbable that 
fungi may be found in such situations; the only question with 
regard to them is whether they are not accidental, and not the 
producers of unhoalthy or diseased tissues, even when found in 
proximity thereto. 

There is one phase of the influences of fungi on the lower 
animals which must not be wholly passod over, and that is the 
relation which they bear to some of the insect tribes in fur- 
nishing them with food. It is especially the case with the 
Ooleoptcra that many specios seem to be entirely dependent on 
fungi for existonoe, since they are found in no other situations. 
Beetle-hunters tell us that old JBclyporoi , and similar fungi of 
a corky or woody nature, are always sought after for certain 
species which they seek in vain elsewhere, f and those who pos- 
sess herbaria know how destructive certain minute members of 
the animal kingdom are to their choicest specimens, against 
whose depredations even poison is sometimes unavailing. 

Some of the Uredinos, as Trick ob as is emveolem and Oolcospo - 
rium soneki , are generally accompanied by a little orange larva 

* Marie, in ** Monthly Microscopical Journal” (1872), vii. p. 349. 

t Sec genus Mycetyphayw, “ Stephen’s Manual Brit. Coloopfc.” p. 132. 
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which preys -upon the fungus; and in the United States Dr, 
Bolles informs us that some species of Mcidmn are so con- 
stantly infested with this red larva that it is scarcely possible 
to get a good specimen, or to keep it from its sworn enemy. 
Minute Anguillidce revel in tufts of mould, and fleshy Agarics, 
as they pass into decay, become colonies of insect life. Small 
Lepidoptera , belonging to the Tineina , appear to have a liking 
for such Polyporei as P. sulfureus when it becomes dry and 
hard, or P. sqwamosus when it has attained a similar condition. 
Acan and Psocidce attack dried fungi of all kinds, and speodily 
reduco them to an unrecognizable powder. 

III. What are the influences exerted by fungi on other 
plants? This is a broad subject, but withal an important one, 
since these influences act indirectly on man as well as on the 
lower animals. On man, inasmuch as it interferes with the vege- 
table portion of his food, cither by checking its production or 
depreciating its quality. On the lower animals, since by this 
means not only is their natural food deteriorated or diminished, 
but through it injurious effects aro liablo to bo produced by the 
introduction of minute fungi into the system. Those remarks 
apply mainly to fungi which are parasitic on living plants. On 
the other hand, the influence of fungi must not be lost sight of 
as the scavengers of nature whon dealing with dead and decay- 
ing vegetable matter. Therefore, as in other instances, wo have 
here also good and bad influences intorminglod, so that it can- 
not bo said that they are wholly evil, or unmixed good. 

Wherever wo oncounter decaying vegetable matter we meet 
with fungi, living upon and at the oxpense of decay, appropri- 
ating the changed elements of previous vegetable life to the 
support of a new generation, and hastening disintegration and 
assimilation with the soil. hTo one can have observed the 
mycelium of fungi at work on old stumps, twigs, and decayed 
wood, without being struck with the rapidity and certainty with 
which disintegration is being carried on. The gardener casts 
on one side, in a pile as rubbish, twigs and cuttings from his 
trees, which are useless to him, but which have all derived much 
from the Soil on which they flourished. Shortly fungi make 
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their appearance in species almost innumerable, sending their 
subtle threads of mycelium deep into the tissues of the woody 
substance, and the whole mass teems with new life. In this 
metamorphosis as the fungi flourish so the twigs decay, for the 
new life is supported at the expense of the old, and together 
the destroyers and their victims return as useful constituents to 
the soil from whence they were derived, and form fresh pabulum 
for a succeeding season of green leaves and sweet flowers- In 
woods and forests we can even more readily appreciate the good 
offices of fungi in accelerating the decay of fallen leaves and 
twigs which surround the base of the parent trees. In such 
places Nature is left absolutely to her own resources, and what 
man would accomplish in his carefully attended gardens and 
shrubberies must here be done without his aid. What we call 
decay is merely change; change of form, change of relationship, 
change of composition; and all those changes are effected by 
various combined agencies — water, air, light, heat, these furnish- 
ing new and suitable conditions for the development of a new 
race of vegetables. These, by their vigorous growth, continue 
what water and oxygon, stimulated by light and heat, had 
begun, and as they flourish for a brief season on the fallen 
glories of the past summer, make preparation for the co min g 
spring. 

Unfortunately this destructive power of fungi over vegetable 
tissues is too often exemplified in a manner which man does not 
approve. The dry rot is a name which has been given to the 
ravages of more than one species of fungus which flourishes at 
the expense of the timber it destroys. One of these forms of 
dry rot fungus is Merulius lacrymam , which is sometimes spoken 
of as if it were the only one, though perhaps the most destruc- 
tive in houses. Another is JPolyjporm hyiriSm , which attacks 
oak-built vessels ; * and these are not the only ones which are 
capable of mischief. It appears that the dry rot fungus acts 
indirectly on the wood, whose cells are saturated with its juice, 
and in consequence lose their lignine and cellulose, though thoir 
walls suffer no corrosion. The different forms of decay in wood 
* tiemtof* “ i'tmgi,” plates m and $87, fig. 6, 
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are accompanied by fungi, which eitner completely destroy the 
tissue, or alter its nature so much by the abstraction of the 
cellulose and lignine, that it becomes loose and friable. Thus 
fungi induce the rapid destruction of decaying wood. These 
are the conclusions determined by Schaclit, in his memoir on 
the subject.* 

We may allude, in passing, to another phase of destructive- 
ness in the mycelium of fungi, which traverse the soil and in- 
terfere most injuriously with the growth of shrubs and trees 
The reader of journals devoted to horticulture will not fail to 
notice the constant appeals for advice to stop tho work of fungi 
in the soil, which sometimes threatens vinos, at othors conifers, 
and at others rhododendrons. Dead leaves, and othor vegetable 
substances, not thoroughly and completely decayed, are almost 
sure to introduce this unwelcome element. 

Living plants suffer considerably from tho predations of parar- 
sitic species, and foremost amongst thoso in importance are 
those which attack the cereals. Tho corn mildew and its accom- 
panying rust are cosmopolitan, as far as wo know, wherever 
corn is cultivated, whether in Australia or on the slopes of the 
Himalayas. Tho same may also be said of smut, for TlHilago is 
as common in Asia and America as in Europe. We havo seen it 
on numerous grasses as well as on barley from tho Punjab, and 
a spocios different from Xlstilago may d is on tho inalo ilorots of 
maize from the same ^locality. In addition to this, wo loam 
that in 1870 one form made its appearance on rice. It was 
described as constituting in some of the infested grains a 
whitish, gummy, interlaced, ill-defined, thread-like mycelium, 
growing at the expense of the tissues of tho affected organs, 
and at last becoming converted into a more or loss coherent 
mass of spores, of a dirty green colour, on tho exterior of the 
deformed grains. Beneath the outer 'coating the aggregated 
spores aro of a bright orange rod ; the central portion has a vesi- 
cular appoarance, and is white in eolour.f It is difficult to 

* ScJmohfc, “Fungous Threads in the Cells of Plants,” in Pringshehffa 
buch.” Berlin, 1863. 

+ “ Broeeedings of the Agri. Hort. Soc. of India*' (1871), p. 85. 
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determine from the description what this so-called Ustilago may 
be, which was said to have affected a considerable portion of the 
standing rice crop in the vicinity of Diamond Harbour. 

Bunt is another pest ( Tilletia caries ) which occupies the 
whole farinaceous portion of the grains of wheat. Since 
dressing the seed wheat has been so widely adopted in this 
country, this pest has been of comparatively little troublo. 
Sorghum and the small millets, in countries where these are 
cultivated for food, are liable to attacks from allied parasites. 
Ergot attacks wheat and rice as well as rye, but not'to such an 
extent as to have any important influence upon the crop. Two 
or three other species of fungi are sometimes locally trouble- 
some, as Dilophospora graminis , and Septoria nodorum on wheat, 
but not to any considerable extent. In countries where maize is 
extensively grown it has not only its own species of mildew 
(. Puccinia ), but also one of the most enormous and destructive 
species of Ustilago. * 

A singular parasite on grasses was found by Cesati in Italy, 
in 1850, infesting the glumes of Andropogon* It received the 
name of Cerelella Andropogonis, but it never appears to have 
increased and spread to such an extent as was at first feared. 

Even more destructive than any of these Is the potato 
disease + (JPeronospora infest am), which is, unfortunately, too 
well known to need description. This disease was at one time 
attributed to various causes, but long since its ascertained source 
has been acknowledged to be a species of white mould* which 
also attacks tomatoes, but less vigorously. De Bary has given 
considerable attention to this disease, and Ms opinions are 
clearly detailed in his memoir on JPeronospora, as well as in Ms 
special pamphlet on the potato disease. $ One sees the canse of 
the epidemic, he says, in the diseased state of the potato itself, 
produced either accidentally by unfavourable conditions of soil 
and atmosphere, or by a depravation that the plant has experi- 

* “Gardener’s Chronicle” (1862), p. 643, with fig. 

f Berkeley, “On the Potato Murrain,” in “lour. Hort Soc, ” yoL i, (1846)*, 

p. 

% De Bary, “Die gegenwartig herrschende Kartoffelhrankheit.” 
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enced in its culture. According to these opinions, the vegetation 
of the parasite would be purely accidental, the disease would be 
independent of it, the parasite would be able frequently even to 
spare the diseased organs. Others see in the vegetation of the 
JPeronospora the immediate or indirect cause of the various 
symptoms of the disease; either that the parasite invades the 
stalks of the potato, and in destroying them, or, so to speak, in 
poisoning them, determines a diseased state of the tubercles, or 
that it introduces itself into all the organs of the plant, and 
that its vegetation is the immediate cause of all the symptoms 
of the disease that one meets with in any organ whatever. 
His observations rigorously proved that the opinions of tho 
latter were those only which were well founded. All the alterar 
tions seen on examining spontaneous individuals are found 
when the JPeronospora is sown in a nourishing plant. The most 
scrupulous examination demonstrates tho most perfect identity 
between the cultivated and spontaneous individuals as much in 
the organization of tho parasite as in the alteration of tho plant 
that nourishes it. In the experiments that he had made ho 
affirms that he never observed an individual or unhealthy pre- 
disposition of the nourishing plant. It appeared to him, on tho 
contrary, that the more tho plant was healthy, the more tho 
mould prospered. 

Wo cannot follow him through all tho details of the growth 
and development of the disease, or of his experiments on this 
and allied species, which resulted in the affirmation that the 
mould immediately determines the disease of tho tubercles as 
well as that of tho leaves, and that the vegetation of the 
JPeronospora alone determines tho redoubtable epidemic to which 
the potato is exposed.* We believe that this same observer 
is still ongagod in a series of observations, with the view, 
if possible, of suggesting some remedy or mitigation of tho 
disease. 

Dr. Hassall pointed out, many years since, the action of 
fungous mycelium, when coming in contact with cellular tissue, 


* De Bary, l( Memoir on Peronospora,” u Annates des Set Nat 
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of inducing decomposition, a fact which has been fully confirmed 
by Berkeley. 

Unfortunately there are other species of the same genus of 
moulds which are very destructive to garden produce. Ferono- 
spora ganghformis , B., attacks lettuces, and is but too common 
and injurious. Feronospora effiusa, Grev., is found on spinach 
and allied plants. Feronospora Schleideniana , D. By., is in some 
years very common and destructive to young onions, and field 
crops of lucerne are very liable to attack from Feronospora 
trifoliorum , D. By. 

The vine crops are liable to be seriously affected by a species 
of mould, which is but the conidia form of a species of j Erysipke. 
This mould, known under the name of Oidiwm TucJceri, B., 
attacks the vines in hothouses in this country, but on the Conti- 
nent the vineyards often suffer severely * from its depredations ; 
unfortunately, not the only pest to which the vino is subject, for 
an insect threatens to bo even more destructive. 

Hop gardens suffer sevcroly, in some years, from a similar 
disease ; in this instance the mature or ultimate form is per- 
fected. The hop mildew is Splicer otheca C'astagnei, Lev., which 
first appears as whitish mouldy blotches on the leaves, soon 
becoming discoloured, and developing tho black receptacles on 
either surface of the leaf. Those may bo regarded as the 
cardinal diseases of fungoid origin to which useful plants are 
subject in this country. 

Amongst those of less importance, but still troublesome 
enough to secure tho anathemas of cultivators, may be men- 
tioned Fuccinia Apii , Ca., often successful in spoiling bods of 
celery by attacking the leaves ; Chj st opus candidus, L6v., and 
Glceosporium concenlrioum , Grev., destructive to cabbages and 
other cruciferous plants; Trichobasis Fabce, L6v., unsparing 
when once established on beans ; Erysiphe Martii , Lev., in some 
seasons a great nuisance to the crop of poas. 

* “ Reports of H. M. Secretaries of Embassy and Legation on the Effects of 
the Vine Disease on Commerce, 1859 ;* “ Reports of H. M. Secretaries of 
Embassy, &c., on Manufactures and Commerce, Vine Disease in Bavaria and 
Switzerland, 1859," pp. 54 and 62. 
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Fruit trees do not wholly escape, for Ecestelia cancellata , TuI.. 
attacks the leaves of the pear. Euccinia prunorum affects the 
leaves of almost all the varieties of plum. Blisters caused by 
Ascomyces deformans, B., contort the leaves of peaches, as Asco- 
myces lullatus , B., does those of the pear, and Ascomyces jug - 
landiSy B., those of the walnut. Happily wo do not at present 
suffer from Ascomyces pruni , Fchh, which, on the Continent, 
attacks young plum-fruits, causing them to shrivel and fall. 
During the past year pear-blossoms have suffered from what seems 
to be a form of Helminthosporium pyrorum , and the branches are 
sometimes infected with Qapnodium elongatum ; but orchards in 
the United States have a worse foe in the “ black knot,”* * * § which 
causes gouty swellings in the branches, and is caused by the 
Sphceria morlosa of Schweinitz. 

Cotton plants in India + wore described by Dr. Shortt as 
subject to the attacks of a kind, of mildew, which from the 
description appeared to be a species of Erysiphe, but on receiv- 
ing specimens from India for examination, wo found it to bo 
one of those diseased conditions of tissue formerly classed with 
fungi under the name of Erineum ; and a species of Torula 
attacks cotton pods after they are ripe. Tea leavos in planta- 
tions in Cachar have been said to suffer from somo sort of blight, 
but in all that we have seen insects appear to bo the dopredators, 
although on the decaying leaves j Kendersonia theicola, Cooke, 
establishes itself.} The coffee plantations of Ceylon suffer from 
the depredations of Jlemiliea vastatrix , as well as from insocts.§ 
Other useful plants have also their enemies in parasitic fungi. 

Olive-trees in the south of Europe suffer from the attacks of a 
species of Antennaria , as do also orange and lemon trees from a 
Octpnodiwn, , which covers the foliage as if with a coating of soot. 
In fact most useful plants appear to have some enemy to contend 
with, and it is fortunate, not only for the plant, but its cultiva* 

* 0. H. Peck, “ Ou the Black Knot/' hi “ Queketfc Microscopical Journal,” 
vol. iii. p. 82. 

+ Cooke, “Microscopic Fungi,” p. 177. 

X “(hrevUlea, 1 * i p. 90. 

§ “ Gardener’s Chronicle,” 1878. 
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tors, if this enemy is less exacting than is the case with the 
potato, the vine, and the hop. 

Forestry in Britain is an insignificant interest compared to 
what it is in some parts of Europe, in the United States, and 
in our Indian possessions. In these latter places it becomes a 
matter of importance to inquire what influence fungi exert on 
forest trees. It may, however, be predicated that the injury 
caused by fungi is far outstripped by insects, and that there are 
not many fungi which become pests in such situations* Coni- 
ferous trees may be infested with the species of JPeridermium , 
which are undoubtedly injurious, JPeridermium elatinum, Lk., 
distorting and disfiguring the silver fir, as JPeridermium Thomson i, 
B.,* does those of Abies Smithiana in the Himalayas. This 
species occurred at an elevation of 8,000 feet. The leaves be- 
come reduced in length one-half, curved, and sprinkled, some- 
times in double rows, with the large sori of this species, which 
gives the tree a strange appearance, and at length proves fatal, 
from the immense diversion of nutriment requisite to support a 
parasite so large and multitudinous. The dried specimens have 
a sweet scent resembling violets. In Northern Europe Cceoma 
pinitorquum 7 D. By., seems to be plentiful and destructive. All 
species of juniper, both in Europe and the United States, are 
liable to be attacked and distorted by species of JBodisoma + and 
Gymnosporcmgitm . Antenmria pinophilct, Fr., is undoubtedly 
injurious, as also are other species of Antcnncvria , which probably 
attain their more complete development in Gapnoditm, of which 
Cap nodi um Oitri is troublesome to orange-trees in the south of 
Europe, and other species to other troos. How far birch-trees 
are injured by Dothidea betulina 7 Fr., or Melampsora betulina, 
I j6v., or poplars and aspens by JMJelampsora populina , L6v., 
and JMJelampsora tremulde , Lev., wo cannot say. The species of 
JLecythea found on willow leaves have decidedly a prejudicial 
effect on the growth of the affected plant. 

Floriculture has to contend with many fungoid enemies, which 
sometimes commit great ravages amongst the choicest flowers 

* c< flardenor^ Chronicle,’’ 1852, p. 627, with fig. 

f u PodiBoma Maoropus,” Hook, H Jourrt. Bot.” yoL iv. plate xii. fig. 0. 
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Roses have to contend against the two forms of Bhragmidium 
muoronatmi as well as Asteroma Boses. Still more disastrous 
is a species of Brysijphei , which at first appears like a dense 
white mould. This is named Sphcerotkeca prnnosa. Nor is this 
all, for Beronospora sparsa , when it attacks roses in conservatories, 
is merciless in its exactions.* Sometimes violets will bo distorted 
and spoiled by Uroci/stis Violce. The garden anemone is freely 
attacked by Meidium quadrifidum. Orchids are liable to spot 
from fungi on the leaves, and recently the whole of the choicest 
hollyhocks have been threatened with destruction by a merciless 
foe in Buccinia malvacearmi . This fungus was first made known 
to the world as an inhabitant of South America many years ago. 
It seems next to have come into notoriety in tho Australian 
colonies. Thon two or throe years ago wo hoar of it for the 
first time on the continent of Europe, and last year for the first 
time in any threatening form in our own islands. During the 
present year its ravages are spreading, until all admirers of 
hollyhocks begin to feel alarm lest it should entirely exterminate 
the hollyhock from cultivation. It is common on wild mallows, 
and cotton cultivators must bo on tho alert, for there is a 
probability that other malvacoous plants may sufFor. 

A writer in tho “ Gardener’s Chronicle ” has proposed a remedy 
for the hollyhock disease, which ho hopes will prove ofibctual. 
He says, “This terrible disease has now, for twelve months, 
threatened the complcto annihilation of tho glorious family of 
hollyhock, and to bafilo all the antidotes that tho ingenuity of 
man could suggest, so rapidly does it sproad and accomplish its 
deadly work. Of this I have had very sad ovidonco, as last 
year at this time I had charge of, if not tho largest, one of tho 
largest and finest collections of hollyhocks anywhere in cultiva- 
tion, which had beon under my special care for eleven years, 
and up to withiu a month of my resigning that position I had 
observed nothing uncommon amongst thorn ; but before taking 
my fi n al leave of tbom I had to witness tho melancholy spectacle 
of bed after bed being smitten down, and amongst them many 
splendid seedlings, which had cost mo years of patience and 

# Berkeley, in “Gardener’s Chronicle, n 1862, p. 808. 
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anxiety to produce. And again, upon taking a share and the 
management of this business, another infected collection fell to 
my lot, so that I have been doing earnest battle with this disease 
since its first appearance amongst us, and I must confess that, 
up to a very short time back, I had come in for a great deal the 
worst of the fight, although I had made use of every agent I 
could imagine as being likely to aid me, and all that many 
competent friends could suggest. But lately I was reminded of 
Condy’s patent fluid, diluted with water, and at once procured a 
bottle of the green quality, and applied it in the proportion of a 
large tablespoonful to one quart of water, and upon examining 
the plants dressed, twelve hours afterwards, was delighted to 
find it had effectually destroyed the disease (which is easily 
discernible, as when it is living and thriving it is of a light 
grey colour, but when killed it becomes of a rusty black), 
Further to test the power at which the plant was capable of 
bearing the antidote without injury, I used it double the 
strength. This dose was instant death to the pest, leaving 
no trace of any injury to tho foliage. As to its application, 
I advocate sponging in all dressings of this description* 
Syringing is a very ready means, but very wasteful. No doubt 
sponging consumos more time, but taking into consideration the 
•more effectual manner in which the dressing can be executed 
alone, it is in the end most economical, especially in regard to 
this little parasite. I have found it difficult by syringing, as it 
has great power of resisting and throwing off moisture, and if 
but a very few are left living, it is astonishing how quickly it 
redistributes itself. I feel confident, that by tho application of 
this remedy in time another season, I shall keep this collection 
clean. I believe planting the hollyhock in large crowded beds 
should he avoided, as I have observed the closer they aro 
growing the more virulently does the disease attack them, 
whereas isolated rows and plants are but little injured/’ * 
The “ Gardener’s Chronicle” has also sounded a note of warning 
that a species of TJredine has boon very destructive to pelar- 
goniums at the Cape of Good Hope. Hitherto those plants 
* u Gardener’s Chronicle/’ August 22, 1874, p, 243, 
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have not suffered much in this country from parasites. Besides 
these, there are many other less troublesome parasites, such as 
TTredo Jtlicum, on ferns ; JPuccinia Lychnidearum , on leaves of 
sweet-william ; TJredo Orchidis , on leaves of orchids, &c. 

If we would sum up the influences of fungi in a few words, it 
could be done somewhat in the following form. 

Fungi exert a deleterious influence — 

On Man, 

When eaten inadvertently. 

By the destruction of his legitimate food. 

In producing or aggravating skin diseases. 

On Animals , 

By deteriorating or diminishing their food supplies. 

By establishing themselves as parasites on some species. 

On Plants, 

By hastening the decay of timber. 

By establishing themselves as parasites. 

By impregnating the soil. 

But it is not proved that they produce opidomic disoasos in 
man or animals, or that the dissemination of their multitudinous 
spores in the atmosphere has any appreciable influence on the 
health of the human race. Hence their association with cholera, 
diarrhoea, measles, scarlatina, and tho manifold ills that flesh is 
heir to, as producing or aggravating causes, must, in tho present 
state of our knowledge and experience, be doomed apocryphal. 
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HABITATS. 

It commonly happens that one of the first inquiries which the 
student seeks to have answered, after an interest is excited in 
fungi, is — Where, and under what circumstances, are they to be 
found P The inexperienced, indeed, require some guide, or much 
labour will bo expended and patience lost in seeking microscopic 
forms in just such places as they are least likely to inhabit. Hor 
is it wholly unprofitable or uninteresting for others, who do not 
claim to be students, to summarize the habitats of these organ- 
isms, and learn how much the circumstances of their immediate 
surrounding elements influence production. For reasons which 
will at once be recognized by the mycologist, the most satis- 
factory method of study will be somewhat that of the natural 
groups into which fungi are divided. 

Agaricini. — There is such a close affinity between all the 
genera of this group that it will be a manifest advantage to take 
together all those fleshy pileate fungi, the fruit of which is 
borne on folded plates or gills. It must be premised of this 
group that, for the majority, shade, a moderate amount of mois- 
ture, and steady warmth, but not too great heat, are required. 
A stroll through a wood in autumn will afford good evidence of 
the predilection of Agaricini , as well as some smaller groups, for 
such spots. A larger proportion will be found in woods, where 
shade is afforded, than on open heaths or pastures. These 
wood-loving forms will consist, again, of those which appear 
bn the soil, and those which are found on rotten stumps and 
decaying trees. Many of those which grow on trees have a 
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lateral stem, or scarcely any stem at all. It may be remarked, 
tbat some species wbicli spring from the soil delight most in 
the shelter of particular trees. The Agarics of a beech wood will 
materially differ largely from those in an oak wood, and both will 
differ from those which spring up beneath coniferous trees. 

It may be accepted as true of the largest proportion of terres- 
trial species, that if they do not spring directly from rotten 
leaves, and vegetable debris in the last stage of decay, the 
soil will be rich in vegetable humus. A few only occur, on 
sandy spots. The genus Marasmius is much addicted to dead 
leaves ; Russula , to open places in woods, springing immediately 
from the soil. Lactarius prefers trees, and when found in 
exposed situations, occurs mostly under the shadow of trees.* 
Cantkarellus, again, is a woodland genus, many of the species 
loving to grow amongst grass or moss, and some as parasites on 
the latter. Goprinus is not a genus much addicted to woods, but 
is rather peculiar in its attachment to man — if such expression 
or one even implying domesticity, might be employed — farm- 
yards, gardens, dunghills, the base of old gateposts and railings, 
in cellars, on plaster walls, and oven on old damp carpets. 
Hygroplorm loves c< the open,” whether pastures, lawns, heaths, 
commons, or up tho slopes of mountains, nearly to the top of the 
highest found in Groat Britain. Cortinarius seems to have a 
preference for woods, whilst Bolbitius affects dung, or a rich 
soil. Leniinm, Remus, Lenzites, and ScJiizophyllum all grow on 
wood. Coming to the suhgenora of Agaricus, wo find Rleurotm , 
Grepidotus, Rlutcus, Gollylia , Rholiota , Flammula , JETypholoma, 
and some species of Rsathyra growing on wood, old stumps, or 
charcoal ; Amanita , Tricholoma , and llebeloma most attached to 
woods * Glitocyle and Mycena chiefly amongst leaves ; Nblanea 
amongst grass ; Omphalia and Galera chiefly in swampy places ; 
Lepiola^Leptonia, Rsalliola , Stropharia , Psilocybe, and Rsathyrella 
mostly in open places and pastures ; Reconica and Ranmolm 
mostly on dung ; Rntoloma and GlilopUm chiefly terrestrial, and 
the rest variable, 

* Those predilections must be accepted as general, to which there will be 
exceptions. , 
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Of special habitats, we may allude to Nyctalis, of which 
the species are parasitic on dead fungi belonging to the genus 
'Russula. One or two species of Agaricus , such as Agaricus 
tuberosus and Agaricus racemosus , P., grow on decaying 
Agarics, whilst Agaricus Loveianus flourishes on Agaricm 
nebularis even before it is thoroughly decayed. A few species 
grow on dead fir cones, others on old ferns, &c. Agaricus 
cepoestipes, Sow., probably of exotic origin, grows on old tan in 
hothouses. Agaricus caulicinalis , Bull, flourishes on old thatch, 
as well as twigs, &c. Agaricus juncicola , Fr., affects dead 
rushes in boggy places, whilst Agaricus affricatus , Fr., and 
Agaricus sphagnicola , B., are attached to bog moss in similar 
localities. Some few species are almost confined to the stems of 
herbaceous plants. Agaricus petasatus, Fr., Agaricus cucumis , P. y 
and Raccillus panuoides , F., have a preforence for sawdust. 
Agaricus carpophilus, Fr., and Agaricus balaninus , P., have a 
predilection for beech mast. Agaricus urticwcola , B. and Br., 
seems to confine itself to nettle roots. Ooprinm radians , Fr., 
makes its appearance on plaster walls, Coprinus domesticus , Fr., 
on damp carpots. The only epizoic species, according to M. 
Fries, is Agaricm cerussatus v . nauseoms , which has been mot 
with in [Russia on the carcase of a wolf ; this, however, might 
have been accidental. Porsoon described Agaricm IsTeapolii antes , 
which was found growing on coffee-grounds at Naples ; and 
more recently Viviani has described another species, Agaricus 
CqffecB, with rose-coloured spores, found on old fermenting coffee- 
grounds at Genoa.* Tratin.ni.ck figures a species named Ago* 
ricus Marlcii , which was found in wine casks in Austria. A 
Ooprinm has, both in this country and on the Continent, boon 
found, after a very short time, on the dressing of wounds, whore 
there has been no neglect. A curious case of this kind, which 
at the time excited groat interest, occurred some fifty years since 
at St. George’s Hospital. Some species appear to confine thom- 
selves to particular trees, some to come up by preference on soil 
in garden pots. Certain species have a solitary, others a gre- 
garious habit, and, of the latter, Agaricm grammopodim % Bulb 
* Viviani, u I Funghi d’ltalia.” 
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Agaricns gcimbosus , Fr., Marasmius oreades , Fr., and some otters 
grow in rings. Hence it will be seen that, within certain limits, 
there is considerable variation in the habitats of the Agaricini . 

JBoleti do not differ much from Agaricini in their localization. 
They seem to prefer woods or borders of woods to pastures, 
seldom being found in the latter. One species, B. parasitiem, 
Bull, grows on old specimens of Scleroderma , otherwise they are 
for the most part terrestrial. 

Polypori also have no wide range of habitat, except in choice 
of trees on which to grow, for the majority of them are corti- 
colous. The section Mesopus , which has a distinct central stem, 
has some species which prefer the ground. Polyporus ticberaster , 
P., in Italy springs from the P ieira fungha ia^ * and is cultivated 
for food as well as Polyporus avellanus , which is roared from 
charred blocks of cob-nut trees. 

In other genera of the Polyporei similar habitats prevail. 
Merulius lacrymans, Fr., one form of dry rot, occurs in cellars, 
and too often on worked timber ; whilst Merulius Mmantoides t 
Fr., is much more delicate, sometimes running over plants in 
conservatories. 

Hydnei.— T here is nothing calling for special note on the 
habitats of these fungi. The stipitate species of Hydnum are 
some of them found in woods, others on hoaths, one on fir-cones, 
while the rest have similar habitats to the species of Polyporus, 

AumcoiiARiNi. — The genera Hymcnochwte , Siereum, and Cor- 
ticimi , with some species of Thelephora , run over corticated or 
decorticated wood; other species of Thelephora grow on the 
ground. The Pozizoid forms of Gyphella and Solenia , like species 
of Peziza, somotimes occur on hark, and of the former genus 
some on grasses and others on moss. 

Clavabiei. — T he interesting, often brightly-coloured, tufts of 
Clavariti are usually found amongst grass, growing directly from 
the ground. Only in rare instances do they occur on dead leaves 
or herbaceous stems. Qalocera probably should be classed with 
the TremeUini, to which its structure seems more closely allied. 
The species are developed on wood. The species of Typhuh 

* Badh&m’s “ Esculent Funguses/’ Ed, L pp. 42, 111 
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and JBistillaria are small, growing chiefly on dead herbaceous 
plants. One or two are developed from a kind of Sclerotlmi , 
which is in fact a compact perennial mycelium. 

Tremeblini. — These curious gelatinous fungi are, with rare 
exceptions, developed on branches or naked wood; Tremella 
versicolor, B. and Br., one of the exceptions, being parasitic on a 
species of Gorticium , and Tremella epigma, B. and Br., spreading 
over the naked soil. This completes our rapid survey of the 
habitats of the Hymenomycetes. Very few of them are really 
destructive to vegetation, for the Agarics and Polypori found on 
growing trees are seldom to be seen on vigorous, but rather on 
dead branches or partly-decayed trunks. 

The Gasteromycetes are far less numerous in species, and also 
in individuals, but their habitats are probably more variable. 
The Hypogcei, or subterranean species, are found either near the 
surface or buried in the soil, usually in the neighbourhood of trees. 

PHAliliOiDEL— In most cases the species prefer woody places. 
They are mostly terrestrial, and have the faculty of making their 
presence known, even when not seen, by the fetid odour which 
many of them exhale. Some of them occur in sandy spots. 

Pobaxinei. — These resemble in their localities tho Triclio- 
gastres. Species of Bodaxon affect the nests of Termites in 
tropical countries.* Others are found growing amongst grass. 

Triohogastres. — These are chiefly terrestrial. The rare but 
curious 1 Balarrea phalloides , P., has been found on sand-hills, 
and in hollow trees. Tulostoma mammosum , Pr., occurs on old 
stone walls, growing amongst moss. G easier stnatm, D. 0., 
was at one time usually found on the sand of the Denes at Great 
Yarmouth. Although Lycoperdon gigantewm, Batsch,, occurs 
most frequently in pastures, or on hedge hanks in fields, we 
have known it to occur annually for some consecutive years 
in a garden near London. The species of Scleroderma soom to 
profer a sandy soil. Agloeocystis is rather an anomalous genus, 
occurring on the fruit heads of Gy perm, in India. Broomeia 
occurs at the Cape on rotten wood. 

* An excellent white Agaric occurs on ant nests in the Ncilgherriee, and a 
curious species is found in a similar position in Ceylon. 
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Myxogastbes. — Rotten wood is one of the most favoured ot 
matrices on which these fungi develop themselves; some of 
them, however, are terrestrial. Mtlialimi will grow on spent 
tan and other substances. Species of Diderma flourish on 
mosses, jungermannios, grass, dead leaves, ferns, &c. Angiori - 
Mum sinuosum , G-rev., will run over growing plants of different 
kinds, and Spumarict, in like manner, encrusts living grasses. 
Badhamia not only flourishes on dead wood, but one species is 
found on the fading leaves of coltsfoot which are still green. 
Cratcrimi runs over almost any substance which lies in its way. 
Licea perreptans was found in a cucumber frame heated with 
spent hops. One or two Myccogastrcs have been found on lead, 
or evon on iron which had been recently heated. Sowerby 
found one on cinders, in one of the galleries of St. Paul’s 
Cathedral. 

Nidujoariacei grow on the ground, or on sticks, twigs, chips, 
and othor vegetable substances, such as sawdust, dung, and 
rotten wood. 

The Coniomycetes consist of two sections, which are based on 
their habitats. In one section the species are developed on dead 
or dying plants, in the other they are parasitic on living plants 
The former includes the Spliceronemei , which are variable in their 
proclivities, although mostly preferring dead herbaceous plants 
and the twigs of trees. The exceptions aro in favour of Splicer- 
onema, some of which are developed upon decaying fungi. In the 
largo genera, Septoria, Ascochyta, Bhyllosficta, Asteroma , &c,, 
the favourite habitat is fading and dying leaves of plants of all 
kinds. In the majority of cases these fungi are not autonomous, 
but are merely the stylosporous conditions of Sphceria, They 
are mostly minute, and the stylospores are of the simplest Hud. 
The Melanconiei have a preference for the twigs of trees, burst- 
ing through the bark, and expelling the spores in a golati- 
nous mass. A few of them are foliieolous, but the exceptions 
are comparatively rare, and are represented chiefly in Glmo- 
sporiwm, species of which are found also on apples, peaches, 
nectarines, and other fruits. The Torulacei are superficial, 
having much of the external appearance of the black moulds, 
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and like them are found on decaying vegetable substances, old 
stems of herbaceous plants, dead twigs, wood, stumps of trees, &c. 
The exceptions are in favour of such species as Torula sporendo - 
nema, which is the red mould of cheese, and also occurs on rats’ 
dung, old glue, <&c., and Bporendonema Muscae, which is only 
the conidia of a species of AcJilya . One species of Bactridium 
is parasitic on the hymenium of Peziza, and JEchinobotryum 
atrum, on the ilocci of black moulds. 

In the othor section of Coniomycetes the species are parasitic 
upon, and destructive to, living plants, very seldom being found 
on really dead substances, and even in such rare cases un- 
doubtedly developed during the life of the tissues. Mostly the 
ultimate stage of these parasites is exhibited in the ruptured cu- 
ticle, and tho dispersion of the dust-like spores; but m Tilletia 
caries , Tliecaphora hyalina , and Puccinia incarcerate they remain 
enclosed within the fruit of tho foster-plant. The different 
genera exhibit in some instances a liking for plants of certain 
orders on which to develop themselves. Peridermium attacks 
tho Conferee; Gym n osporan g ium and Podisoma tho different 
species of Juniper; Mehmpsora chiefly tho leaves of deciduous 
trees ; Boestelia attaches itsolf to pomaceous trees, whilst Gra - 
phiola affects the Palmaceae, and Endopftylhm the succulent 
loaves of houBclook. In Mcidium a few orders seem to be more 
liablo to attack than others, as tho Composited , Banunculaceae, 
Leyuminosce , Labiates , &c., whilst others, as tho Graminaceae , 
Ericaceae, Malvaceae, Crucifer ce, are exempt. There are, never- 
theless, vory fow natural orders of phanerogamous plants in 
which somo one or more species, belonging to this section of tho 
Coniomycetes, may not bo found; and the same foster-plant will 
occasionally nurture several forms. Recent investigations tend 
to confirm the distinct specific characters of the species found 
on different plants, and to prove that the parasite of one host 
will not vegetato upon another, however closely allied. This 
admission must not, however, be accepted as universally appli- 
cable, and therefore it should not be assumed, because a 
certain parasito is found developed on a special host, that it is 
distinct* unless distinctive characters, apart from habitat, can be 
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detected. JEcidwm compositarmi and JEcidkm rannnculacearum , 
for instance, are found on various composite and ranunculaceous 
plants, and as yet no sufficient evidence has been adduced to 
prove that the different forms are other than varieties of ono ox 
the two species. On the other hand, it is not improbable that 
two species of Mcidiwn are developed on the common berberry, 
as De Bary has indicated that two species of mildew, Puccima 
graminis , and Puccima straminis , are found on wheat. ^ 

Hvphomtcetes. — The moulds are much more universal in their 
habitats, especially the Mucedines. Tho Isariacei have a pre- 
dilection for animal substances, though not exclusively. Some 
species occur on dead insects, others on decaying fungi, and the 
rest on sticks, stems, and rotten wood. Tho Stilbacei have also 
similar habitats, except that the species of Illosporium seem to be 
confined to parasitism on lichens. The black moulds, JDematiei , 
are widely diffused, appearing on herbaceous stoms, twigs, bark, 
and wood in most cases, but also on old linen, paper, millboard, 
dung, rotting fruit, &c., whilst forms of Cladosporiim and Macro- 
sporimn are met with on almost every kind of vegetable substance 
in which the process of decay has commenced. 

Mucedines, in some instances, have not boon known to appear 
on more than one kind of matrix, but in tho far greater number 
of cases they flourish on different substances. Aspergillus 
glaucus and Penicilliwu crust acemn are examples of those uni- 
versal Mucedines . It would be far more difficult to mention 
substances on which these moulds are never developed than to 
indicate where they have been found. With tho^ species^ of 
Peronospora it is different, for these are truly parasitic on living 
plants, and, as far as already known, tho species are confined to 
certain special plants, and cannot be made to vegetate on any 
other. The species which causes the potato murrain, although 
liable to attack the tomato, and othor species of Bolanacece, doo>% 
not extend its ravages beyond that natural order, whilst Pero^ 
nospora parasitica confines itself to cruciferous plants. One 
species is restricted to the UmbeTtiferce , another, or perhaps two, 
to the Leguminosce, another to BnMctcem, two Or three to Banun- 
cwlacem, and two or three to Caryoplylhcem. All tho oxpen- 
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ments made by De Bary seem to prove that the species of 
Peronospora* will only flourish on certain favoured plants, to the 
exclusion of all others. The non-parasitic moulds are scarcely 
exclusive. In Oidmm some species are parasitic, but probably 
all the parasitic forms are states of Erysiphe , the non-parasitie 
alone being autonomous ; of these one occurs on Porngo lupi- 
nom , others on putrefying oranges, pears, apples, plums, &c., 
and one on honeycomb. Acrospeira grows in the interior of 
sweet chestnuts, and we have seen a species growing within the 
hard testa of the seeds of Guilandma BondiMi, from India, to 
which there was no external opening visible, and which was 
broken with considerable difficulty. Several Mucedines are 
developed on the dung of various animals, and seldom on any- 
thing olse. 

The Physomycetes consist of two orders, Antennariei and Mu- 
coring "which differ from each other almost as much in habitat 
as in external appearance. The former, if represented by Anten~ 
naria 7 runs over the green and fading leaves of plants, forming 
a dense black stratum, like a congested layer of soot; or in Za&- 
midium , the common cellar fungus, runs over the walls, bottles, 
corks, and other substancos, like a thick sooty felt. In tho Mu~ 
coring as in the Mucedines, there is usually less restriction to 
any special substance. Mucor mucedo occurs on bread, paste, 
proserves, and various substances ; other spocies of Mucor seem 
to have a preference for dung, and some for decaying fungi, but 
rotting fruits are nearly sure to support one or other of the 
species. The two known spocies of the curious genus Pihbolus , 
as well as Kydrophora, are confined to dung. Sporodinia, Syzy- 
gites , &c., flourish on rotten Agarics, whore they pass through 
their somewhat complicated existence. 

The Ascomycetes contain an immense number of species, and in 
general terms we might say that they are found everywhere. Tho 
Tuberacei are subterraneous, with a preference for calcaroous dis- 
tricts. Tho Perisporiacei are partly parasitical and partly not. 
The Erysiphei include those of tho former which flourish at tho 
expense of the green parts of roses, hops, maples, poplars, peas, 
and many other plants, both in Europe and in Korth America, 

E 
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whilst in warmer latitudes the genus Meliola appears to take 
their place. 

The Mvellacei are fleshy fungi, of which the larger forms are 
terrestrial; Morchella , Gyromitra , and Helvetia mostly growing 
in woods, Mitrula , Spatlularia, and Leotia in swampy places, 
and G-eoglossum amongst grass. The very large gonus Feziza 
is divided into groups, of which Aleimce are mostly terrestrial. 
This group includes nearly all the large-sized species, although 
a few belong to the nest. Lctohnece are partly terrestrial and 
partly epiphytal, the most minute species being found on twigs 
and leaves of dead plants. In FMalea tho specios are nearly 
ontirely epiphytal, as is also tho case in Helotium and allied 
genera. Some species of Feziza are developed from the curious 
masses of compact mycelium called Sclerotia. A few are rather 
eccentric in their habitats. F. viridaria , F. domestica , and P. 
Icemastigma , , grow on damp walls ; F.granulata and som<5 others 
on dung. Feziza Bullii was found growing on a cistern. P, tie- 
leloloides appears in profusion on spent hops. P. episplmria, 
P. clavariarum , P. vulgaris, Helotium pruinosim , and others are 
parasitic on old fungi. One or two species of Helotitm grow on 
submerged sticks, so as to bo almost aquatic, a circumstance of 
rare occurrence in fungi. Other Discomycetes aro similar in 
their habitats to tho Hlvellacei. Tho group to which tho old 
genus Ascobolus belongs is in a groat measure confined to the 
dung of various animals, although there are two or three lignh 
colous species ; and Ascoplanus sacclarinus was first found on 
old leather, Ascoplanus testaceus on old sacking, &c. Ascomyces 
is, perhaps, the lowost form which ascomycetous fungi assume, 
and the species aro parasitic on growing plants, distorting the 
leaves and fruit, constituting themselves pests to the cultivators 
of peach, pear, and plum trees. 

The Bplmiacei include a very large number of species which 
grow on rotten wood, bark, sticks, and twigs; another group k 
developed on dead herbaceous stoms ; yet another is confined to 
dead or dying leaves. One genus, Tormbia , grows chiefly On 
insects; Hypomyces is parasitic on dead fungi; Olavicepe is d eve* 
loped from ergot, Foronia on dung, Foly stigma on living leaves. 
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as well as some species of Stigmatea and Dothidea . Of the 
genus Sphceria, a considerable number are found on dung, now 
included by some authors under Sordaria and Sporormia, genera 
founded, as we think, on insufficient characters. 

A limited number of species are parasitic on 
lichens, and one species only is known to be 
aquatic. 

Wo have thus rapidly, briefly, and casually 
indicated the habitats to which the majority 
of the larger groups of fungi are attachod, 
regarding them from a systematic point of 
view. There is, however, another aspect from 
which we might approach the subject, taking 
the host or matrix, or in fact the habitat, as 
the basis, and endeavouring to ascertain what 
species of fungi are to be found in such posi- 
tions. This lifts partly been done by M. Wost- 
endorp ; * but every year adds considerably to u on^upTof ^ 
tho numbor of species, and what might havo 
been moderately accurato twelve years since can scarcely be so 
now. To carry this out fully a special work would be neces- 
sary, so that we shall be content to indicate or suggest, by means 
of a few illustrations, the forms of fungi, often widoly distinct 
in structure and character, to be found in the same locality 

Tho stems of herbaceous plants are favourite habitats for 
minute fungi. Tho old stems of tho common nettle, for ex- 
ample, perform the office of host to about thirty specios.f Of 
these about nine are Pezizce> and there are as many sphmriaceons 
fungi, win 1st three species of Dendryphiim , besides other moulds, 
select this plant. Some of these have not hitherto been detected 
growing on any other stems, such as Sph&ria wrtiom and JLophios- 
toma sex-nueleatum, to which we might add Peziza fu&arioidw arid 
Dendryphiim g rheum . These do not, however, include tho whole 
of the fungi found on the nettle, since others arc parasitic upon 

♦ Westendorp, “ Les Cryptogams aprds loons stations rnttt relies,” 

t Cooke, “On Kettle Stems and their Micro-Fungi/’ in “ Jcurw. Quekett 
Micro, Club,” lit, p. 69, 
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its living green parts. Of these may be named Mcidium urlicm 
and Beronospora urticcs , as well as two species described by 
Desmazieres as Busisy orium urticce and Sept or ia urticce. Hence 
it will be seen how large a number of fungi may attach them- 
selves to one herbaceous plant, sometimes whilst living, but most 
extensively when dead. This is by no means a solitary instance, 
but a type of what takes place in many others. If, on the other 
hand, we select such a tree as the common lime, wo shall find 
that the leaves, twigs, branches, and wood bear, according to 
M. Westendorp,* no less than seventy-four species of fungi, and 
of these eleven occur on the leaves. The spruce fir, according to 
the same authority, nourishes one hundred and fourteen species, 
and the oak not less than two hundred. 

It is curious to note how fungi are parasitic upon each other 
in some instances, as in that of Ilypomyces , characteristic of the 
genus, in which sphaariaceous fungi make hosts of dead Lactam, 
&c. We have already alluded to Nyclalis , growing on decayed 
Bussulce, to Boletus parasiticus, flourishing on old Scleroderma , 
and to Agaricus Loveianus , on the pileus of Agaricus nebular is. 
To these we may add Torrubia ophioglossoides and T. capitata , 
which flourish on decaying JElaphomyces, Stilbum tomentosum on 
old Trichia , Beziza Clavariarum on dead Clan aria, and many 
others, the mere enumeration of which would scarcely prove 
interesting. A very curious little parasite was found by Messrs. 
Berkeley and Broome, and named by thorn Hypocrca inclusa , 
which makes itself a home in the interior of traffics. Mueors 
and moulds flourish on dead and decaying Agarics, and other 
fleshy forms, in great luxuriance and profusion. Mucor ramosus 
is common on Boletus luridus , and Syzygiies megalocarpus on 
Agarics, as well as Acrostalagmus ci/mabarinm . A very curious 
little parasite, EcMnolotrywn atrum , occurs like minute nodules 
on the flocci of black moulds. Bactridmm Helvetia usurps the 
fructifying disc of species of Beziza. A small Sphinctrina is 
found both in Britain and the United States on old Bolypori . 
In Sphceria nigerrima, Wectria epispkeeria, and two or throe 


Wcstendorp, “ Lea Cryptogams apres leurs stations naturelles,” l&GS. 
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others, we have examples of one spliteriaceous fungus growing 
upon another. 

Mr. Phillips has recently indicated the species of fungi found 
by him on charcoal beds in Shropshire,* but, useful as it is, that 
only refers to one locality. A complete list of all the fungi 
which have been found growing on charcoal beds, burnt soil, 
or chained wood, would bo rather extensive. The fungi found 
in hothouses and stoves are also numerous, and often of con- 
siderable interest from tho fact that they have many of them 
never boon found elsewhere. Those found in Britain, + for in- 
stance, are excluded from tho British Flora as doubtful, because, 
growing upon or with exotic plants, they aro deemed to be of 
exotic origin, yet in very few cases are thoy known to be inha- 
bitants of any foreign country. Some species found in such 
localities aro not confined to thorn, as Agaricus cccpestipcs, 
Agaricus cristatus , JElhaliim vaporaritm, &c. It is somewhat 
singular that certain species have a predilection for growing in 
proximity with other plants with which they do not appoar to 
havo any more intimato relation. Trudies, for instance, in asso- 
ciation with oaks, JPcziza lanuginosa under cedar-trees, Ilyil- 
nangium carneum about tho roots of Eucalypti , and numerous 
species of Agaricini , which are only found under trees of a par- 
ticular kind. As might bo anticipated, there is no more fertile 
habitat for fungi than the dung of animals, and yet the kinds 
found in such locations belong to but a few groups. Amongst 
tho Dmomgceics , a limited number of tho genus Pezim are 
fimicolous, but the allied genus Ascololus, and its own imme- 
diate allies, include amongst its species a largo majority that are 
found on dung. If we take tho number of species at sixty-four, 
there aro only sevon or eight which do not occur on dung, whilst 
fifty-six aro fimicolous. Tho species of Sph&ria which aro found 
on the name substances aro also closely allied, and some Conti* 
nentftl authors havo grouped thorn under the two proposed 

a “ Uiiutumir’e Chronicle/’ 1874. 

I’ W. O. Smith, in “ Journ. Botany/’ March, 1873; Berkeley, In i( Grevillea," 
▼oh i. p. 88. 
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genera Sporormia and Sordaria, whilst Fuckel * proposes a dis- 
tinct group of JSph&riacei, under the name of fflmieoli, in which 
he includes as genera Coprolepa, Hypocopra, Delitschio , Sporor- 
mia, TleopTiragmia Malimemia . , Sordaria, and CercopJiora. The 
two species of Tilololus , and some of Mucor , are also found on 
dung, Isarict felina on that of cats, Stilbum fimetarium and a 
few other moulds, and amongst Agarics some species of Copnnus. 
Animal substances are not, as a rule, prolific in the production 
of fungi. Ascobolus saccharinus and one or two others have 
been found upon old leather. Onygena of two or three species 
occurs on old horn, hoofs, &c. Cheese, milk, &c., afford a few 
forms, but the largest number infest dead insects, either under 
L he mouldy form of Isctrici or the more perfect condition of Tor- 
«utia, and occasionally under other forms. 

Robin t has recorded that three species of BracMnm , of the 
>rder Coleoptera, have been found infected, whilst living, with a 
ainute yellow fungus which he calls Laboulbenia Bougeti, and 
he same species has been noted on other beetles. Torrubia 
Telolonihcc J has been described by Tulasne as occurring on the 
lay bug or cockchafer, which is allied to, if not identical with, 
'Ordyceps Bavenelii, B. and C., and also that described and figured 
y M. Fougeroux de Bondaroy.§ Torrubia euroulionwn . , Tul., 
rnurs on several species of beetles, and seems to bo by no means 
acommon in Brazil and Central America. Torrubia coespltosa , 
ul, which may be the same as Cordyceps Sinclair i, B.,|| is found 
i the larvae of Ortlioptera in 3Yow Zealand, Torrubia Miquelii 
i the larvae of Cicada in Brazil, and Torrubia sobolifera on tlio 
ipse of Cicada in the West Indies. A romantic account is 
ven of this in an extract cited by Dr. Watson in his communi- 
fcion to tho Royal Society. % u The vegetable fly is found in 
e island Dominica, and (excepting that it has no wings) re* 

k Fuciel, u Symbols Mycologicce,” p. 240. 

' Robin, “ V6g4t. Parasites,” p. 622, t. viii. 1 1, 2. 
r Tulasne, “Selecta Fung. Carp.” iii. p. 12. 

“Hist, de l’Aoad.' des Sciences,” 1769, Paris, 1772. 

Berkeley, “ Crypt. Bot. n p. 73 ; Hooker, “ New Zealand Flora,* 5 ii 8S8. 

[ “ Philosophical Transactions,’’ lift. (1763), p. 271. 
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sembles the drone, both, in sizo and colour, more than any other 
English insect. In the month of May it buries itself in the 
earth and begins to vegetate. By the latter end of July, the 
tree is arrived at its full growth, and resembles a coral branch, 
and is about three inches high, and bears several littlo pods, 
which, dropping off, become worms, and from thence flies, like 
the English caterpillar.” Torrulna Taylori , which grows from 
the caterpillar of a large moih in Australia, is one of the finest 
examples of the genus. Torrubia Roberfsii , from New Zealand, 
has long been known as attacking the larva of Htpialm 
virescens. There aro several other species on larveo of different 
insects, on spiders, ants, wasps, <&c., and one or two on mature 
Lepidoptera, but the latter seem to be rare. 

That fungi should make their appearance and flourish in 
localities and conditions generally considered inimical to vegetable 
life is no less strango than true. Wo have already alluded to 
the occurrence of some species on spent tan, and some others 
have boon found in locations as strange. Wo have seen a yellow 
mould resembling Sporotrichum in the heart of a ball of opium, 
also a white mould appears on the same substance, and more 
than one species is troublesome in the opium factories of India. 
A mould made its appearance some years since in a copper 
solution employed for eloctrotyping in iho Survey Department 
of tho United States,* decomposing tho salt, and precipitating 
the coppor. Other organisms have appeared from time to time 
in various inorganic solutions, some of which wore considered 
destructive to vegetable life, and it is not improbable that some 
of these organisms were low conditions of mould. It may well 
occasion some surprise that fungi should be found growing 
within cavities wholly excluded from the external air, as in the 
hollow of filberts, and the harder shelled nuts of Guilandim^ in 
tho cavities of tho fruit of tomato, or in tho interior of an egg. 
It is scarcely loss extraordinary that Jfypoorea incluza should 
flourish in the interior of a kind of truffle. 

From the abovo it will bo concluded that tho habitats of fungi 
are exceedingly variable, that they may bo regarded as almost 
* Berkeley’s u C & $0. 
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universal wherever decaying vegetable matter is found, and 
that under some conditions animal substances, especially of 
vegetable feeders, such as insects, furnish a pabulum for their 
development. 

A very curious and interesting inquiry presents itself to our 
minds, which is intimately related to this subject of the habitats 
of fungi. It shapes itself into a sort of “puzzle for the curious,” 
but at the same time one not unprofitable to think about. How 
is the occurrence of new and before un k nown forms to be 
accounted for in a case like the following?* 

It was our fortune — good fortune as far as this investigation 
was concerned — to have a portion of wall in our dwelling per- 
sistently damp for some months. It was close to a cistern 
which had become leaky. The wall was papered with 46 marbled ” 
paper, and varnished. At first there was for some time nothing 
worthy of observation, except a damp wall — decidedly damp, 
discoloured, but not by any means mouldy. At length, and 
rather suddenly, patches of mould, sometimes two or three 
inches in diameter, made their appearance. These were at first 
)f a snowy whiteness, cottony and dense, just like large tufts of 
iotton wool, of considerable expansion, but of miniature eleva- 
ion. They projected from the paper scarcely a quarter of an 
nch. In the course of a few weeks the colour of the tufts 
>ecame less pure, tinged with an ochraceous hue, and resembling 
rool rather than cotton, less beautiful to the naked eye, or under 
lens, and more entangled. Soon after this darker patches 
iade their appearance, smaller, dark olive, and mixed with, or 
lose to, the woolly tufts ; and ultimately similar spots of a 
endritic character either succeeded the olive patches, or were 
idependently formed. [Finally, little black balls, like small 
in heads, or grains of gunpowder, wero found scattered about 
le damp spots. All this mouldy forest was more than six 
Lonths under constant observation, and during that period was 
Bid sacred from the disturbing influences of the housemaid's 
room and duster. 

Curiosity prompted us from the first to submit the mouldy 
* “Popular Science Review, yob x. (1871), p. 25. 
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denizens of tho wall to the microscope, and this curiosity was 
increased week by week, on finding that none of the forms 
found vegetating on nearly two square yards of damp wall 
could be recognized as agreeing specifically with any described 
moulds with which wo wore acquainted. Here was a problem 
to bo solved under tho most favourable conditions, a forest of 
mould indoors, within a few yards of the fireside, growing quite 
naturally, and all strangers. Whence could those new forms 
proceed ? 

The cottony tufts of white mould, which were the first to 
appear, had an abundant mycelium, but tho erect threads which 
sprang from this were for a long time sterile, and closely inter- 
laced. At length fertile threads wore developed in tufts, mixed 
with tho sterile threads. These fruit-bearers were shorter and 
stouter, more sparingly branched, but beset throughout nearly 
thoir wbolo longth with short patent, alternate branehlots. 
These latter were broadest towards the apex, so as to bo almost 
clavato, and tho extremity was beset with two or three short 
spicules. Each spicule was normally surmounted by an obovate 
spore. Tho presence of fertile threads imparted tho ochracoous 
tint above alluded to. This tint was slight, and perhaps would 
not have boon noticed, but from tho close proximity of tho snow- 
white tufts of barren threads. Tho fertile llocci were documbezit, 
probably from the weight of tho spores, and the tufts wore a 
little elevated above tho surface of tho matrix. This mould 
belonged clearly to the Mueedincs , but it hardly accorded well 
with any known genus, although most intimately related 
to Jildnotriahim , in which it was placed as Xthhio trichum 
Imoatrn 

Tho white mould having become established for a week or 
two, small blackish spots mado their appearance on tho paper, 
sometimes amongst thin patches of tho mould, and sometimes 
ontsido them. Those spots, at first cloudy and indefinite, varied 
in size, but woro usually loss than a quarter of an inch in 
diameter. The varnish of the paper was afterwards pushod olf 

* Specimen* of this mould woro distributed in Cooke’* Fungi Britannidi 
Ksdeoati,** No. 050, under tho name of OUnotrichim lancmrn. 
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in little translucent flakes or scales, an erect olivaceous mould 
appeared, and the patches extended to nearly an inch in 
diameter, maintaining an almost universal circular form. This 
new mould sometimes possessed a dirty reddish tint, but was 
commonly dark olive. There could be no mistake about the 
genus to which this mould belonged ; it had all the essential 
characters of Penicillium. Erect jointed threads, branched in 
the upper portion in a fasciculate manner, and bearing long 
beaded threads of spores, which formed a tassel-like head, at 
the apex of each fertile thread. Although at first reminded of 
Penicillium olivacemi , of Corda, by the colour of this spocies, it 
was found to differ in the spores being oblong instead of globose, 
and the ramifications of the floeci were different. Unable again 
to find a described species of Penicillium with which this now 
mould would agree, it was described under tho name of Penir 
dlliim chartarvm .* 

Almost simultaneously, or but shortly after the perfection 
of the spores of Penicillium , other and very similar patches 
appeared, distinguished by the naked eye more particularly by 
their dendritic form. This peculiarity seemed to result from tho 
dwarfed habit of the third fungus, since the varnish, though 
cracked and raised, was not cast off, but remained in small 
angular fragments, giving to the spots their dendritic appearance, 
the dark spores of the fungus protruding through tho fissures. 
This same mould was also found in many cases growing in tho 
same spots amongst Penicillium chart arum, but whether from 
the same mycelium could not be determined. 

The distinguishing features of this fungus consist in an 
extensive mycelium of delicate threads, from which arise 
numerous erect branches, hearing at tho apex dark brown 
opaque spores. Sometimes the branches were again shortly 
branched, but in the majority of instances were single, Tho 
Beptate spores had from two to four divisions, many of thorn 
divided again by cross septa in the longitudinal diroction of tho 
spore, so as to impart a muriform appearance. As far as tho 
structure and appearance of the spores are concerned, they re- 
* Cooke's “Handbook of Britiih. Fungi, " p. 002. 
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sembled those of Sjporidesm ium poly morf hum, under which namo 
specimens were at first published,* hut this determination was 
not satisfactory. The mycelium and erect threads are much too 
highly developed for a good species of Sporidesmium, although 
the name of Sporidcsi/riim alternaria was afterwards adopted. 
In fresh specimens of this fungus, when seen in situ by a half- 
inch objective, the spores appear to he moniliform, hut if so, all 
attompts to sec them so connected, when separated from the 
matrix, failed. On one occasion, a very immature condition was 
examined, containing simple beaded, hyaline bodies, attached 
to each other by a short neck. The same appoaranco of 
beaded spores, when seen in situ, was recognized by a myco- 
logical friend, to whom specimens wore submitted for con* 
firmation.f 

The last production which made its appearance on our wall- 
paper hurst through the varnish as little black spheres, like 
grains of gunpowder. At first the varnish was elevated by 
pressure from beneath, then the film was broken, and the little 
blackish spheres appeared. These were, in the majority of cases, 
grogarious, but occasionally a few of the spheres appeared 
singly, or only two or three together. As the whole surface of 
the damp paper was covered by those different fungi, it w m 
scarcely possible to regard any of them as isolated, or to declare 
that one was not connected with the mycelium of the others. 
The little spheres, whoa the paper was tom from the wall, wore 
also growing from the under surface, flattened considerably by 
the pressure. The spherical bodies, or perithocia, wore seated 
on a plentiful hyaline mycelium. The walls of the perithocia, 
rather more carbonaceous than mombranacoous, are reticulated, 
reminding one of the eonooptaolcs of JSrymphe, to which the 
perithocia bear considerable resemblance. The ostiolum is so 

* Cooke’# “Futigi Brit&nnici Emccati,” Ho. $29, under the name of 
Sporidesmiim polymorphum var, chartanm, 

+ Tldfl remind* one of Breuss Altirnaria, figured in ftourm’# “Flora it 
ha# hew suggested that the mould, a# seen when examined under a jiower of 
$20 diam,, U my much like a Macrosporlum. Again arise# the question of the 
staring# erf sjpores attached end to end. 
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obscure that we doubt its existence, and hence the closer affinity 
of the plant to the Perisporiacei than to the Sphcenacei . The 
interior of the perithecium is occupied by a gelatinous nucleus, 
consisting of elongated cylindrical asci, each enclosing eight 
globose hyaline sporidia, with slender branched paraphyses. A 
new genus has been proposed for this and another similar form, 
and the present species bears the name of Orbimla cyclospora.* 
The most singular circumstance connected with this narrative 
is the presence together of four distinctly different species of 
fungi, all of them previously unknown and undoscribed, and no 
trace amongst them of the presence of any one of the very common 
species, which would be supposed to develop themselves under 
such circumstances. It is not at all unusual for Sporocybe 
altemata , B., to appear in broad black patches on damp papered 
walls, but in this instance not a trace was to be found. What 
were the peculiar conditions present in this instance which led 
to the manifestation of four new forms, and none of the old 
ones ? We confess that we are unable to account satisfactorily 
for the mystery, hut, at the same time, feel equally unwilling to 
invent hypotheses in order to conceal our own ignorance. 


* ** Handbook of British Fungi,” vol. ii. p, 926, No. 2,78$. 
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The cultivation of fungi in this country for esculent purposes 
is confined to a single species, and yet there is no reason why, 
by a series of well-conducted experiments, means should not 
be devised for the cultivation of others, for instance, Maras- 
mus oreades , and the morel. Efforts have been made on the 
Continent for the cultivation of truffles, but the success has 
hitherto beon somewhat doubtful. Eor the growth of the com- 
mon mushroom, very little trouble and caro is required, and 
moderate suocess is certain. A friond of ours some years since 
was fortunate enough to have one or two specimens of the large 
puff-ball, Lycoperdon giganteum , growing in his gardon. Know- 
ing its value, and being particularly fond of it when fried for 
breakfast, he was anxious to secure its permanence. The spot 
on which the specimens appeared was marked off and guarded, 
so that it was never dosecratod by the spade, and the soil 
remained consequently undisturbed. Tear after year, so long 
as ho resided on the promises, he counted upon and gathered 
several specimens of the puff-ball, the mycelium continuing to 
produce them year after year. All parings, fragments, &c., not 
utilised of the specimens eaton wore cast on this spot to rot, so 
that some of the elements might be returned to the soil. This 
was not true cultivation perhaps, as the fungus had first estab- 
lished itself, but it was preservation, and had its reward. It 
must be admitted, however, that the size and number of speci- 
mens diminished gradually, probably from exhaustion of the 
sod. This fungus, though strong, is much approved by many 
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palates, and its cultivation might be attempted. Burying a ripe 
specimen in similar soil, and watering ground with the spores, 
has been tried without success. * 

As to the methods adopted for cultivation of the common mush- 
room, it is unnecessary to detail them here, as there are several 
special treatises devoted to the subject, in which the particulars 
are more fully given than the limits of this chapter will permit.f 
Recently, M. Chevroul exhibited at tho French Academy some 
splendid mushrooms, said to have been produced by the following 
method : he first develops the mushrooms by sowing spores on 
a pane of glass, covered with wet sand ; then ho selects the most 
vigorous individuals from among thorn, and sows, or plants their 
mycelium in a cellar in a damp soil, consisting of gardener’s 
mould, covered with a layer of sand and gravel two inches thick, 
and another layer of rubbish from demolitions, about an inch deep. 
The bed is watered with a diluted solution of nitrate of potash, 
and in about six days the mushrooms grow to an onormous 
size.J The cultivation of mushrooms for tho market, even in 
this country, is so profitable, that curious revelations sometimes 
crop up, as at a recent trial at the Sheriffs’ Court for compenea- 

* Experiments were made at Bel voir, by Mr. Ingram, in the cultivation of 
several species of Agancini, hut without hiiccoss, and a similar fate attended 
some spawn of a very superior kind from the Swan Kiver, which was submitted 
to the late Mr. J. Henderson. No result was obtained at Chiswick, either fixun 
the cnltivation of truffles or from the inoculation of grass-plots with excellent 
spawn, Mr. Disney’s experiments at the Hyde, near Ingatestono, were made with 
dried truffles, and were not likely to succeed. The Viscomte N6o succeeded in 
obtaining abundant truffles, in an enclosed portion of a wood fenced from wild 
hoars, by watering the ground with an infusion of fresh specimens ; but it is 
possible that as this took plaoe in a truffle country, there might have been a crop 
without any manipulation. Similar trials, and it is said successfully, have been 
made with Itoletus edulu. Specimens of prepared truffle-spawn wore sent many 
years since to tho “ Gardener’s Chronicle , ** but they proved useless, if indeed 
they really contained any reliable spawn. 

+ Bobinson, “On Mushroom Culture,” London, 1870. Cuthill, “On the 
Cultivation of the Mushroom,” 1861. Abercrombie, “The Garden Mushroom : 
its Culture, &c.” 1802. 

$ This has, however, not been confirmed, and is considered (how justly we 
sannot say) a “ canard.” 
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fcion by the Metropolitan Railway Company for premises and 
business of a nurseryman at Kensington. The Railway had 
taken possession of a mushroom-ground, and the claim for 
compensation was £716. It was stated in evidence that the 
profits on mushrooms amounted to 100 or 150 per cent. One 
witness said if £50 were expended, in twelve months, or perhaps 
in six months, the sum realized would "be £200. 

Immense quantities of mushrooms are produced in Paris, as 
is well known, in caves, and interesting accounts have been 
written of visits to theso subterranean mushroom- vaults of the 
gay city. In one of these caves, at Montrouge, the proprietor 
gathers largely every day, occasionally sending more than 
400 pounds weight per day to market, the average being 
about 300 pounds. Thore are six or seven miles’ run of 
mushroom-bods in this cave, and the owner is only one of a 
large class who devote themselves to the culture of mushrooms. 
Large quantities of preserved mushrooms are exported, one 
house sending to England not less than 14,000 boxes in a year. 
Another cave near "Frtfpillon was in full force in 1867, sending 
as many as 3,000 pounds of mushrooms to the Parisian markets 
daffy. In 1867, M. Ronaudot had over twenty-one miles of 
mushroom-beds in one great cave atM6ry, and in 1869 there 
were sixteen miles of bods in a eavo at Frepillon. The tem- 
porature of theso caves is so equal that tho cultivation of the 
mushroom is possible at all seasons of tho year, but the best 
crops are gathered in tho wintor. 

Mr. Robinson gives an excellent account, not only of the sub- 
terranean, but also of tho open-air culture of mushrooms about 
Paris. The open-air culturo is novor pursued in Paris during 
tho summer, and rarely so in this country.* What might be 
termed the domestic cultivation of mushrooms is easy, that is, 
the growth by inexperienced persons, for family consumption, of 
a bed of mushrooms in cellars, wood-houses, old tubs, boxes, or 
other unconsidered places. Even in towns and cities it is not 
impracticable, as horse-dung can «&l ways be obtained from mews 

* This method Is pursued with great success by Mr. Id gram, at Belroir, and by 
Mr. Gilbert, at Burleigh. 
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and stables. Certainly fungi are never so harmless, or seldom 
so delicious, as when collected from the bed, and cooked at once, 
before the slightest chemical change or deterioration could pos- 
sibly take place. 

Mr. Cuthill’s advice may be repeated here. He says: — “1 
must not forget to remind the cottagor that it would be a 
shilling or two a week saved to him during the winter, if ho had 
a good little bed of mushrooms, even for his own family, to say 
nothing about a shilling or two that he might gain by selling to 
his neighbours. I can assuro him mushrooms grow faster than 
pigs, and the mushrooms do not eat anything ; they only want 
a little attention. Addressing myself to the working classes, I 
advise them, in the first place, to employ thoir children or others 
collecting horse-droppings along the highway, and if mixed with 
a little road-sand, so much the bettor. They must bo deposited 
in a heap during summer, and trodden firmly. They will heat 
a little, but the harder they are pressed the loss they will heat. 
Over-heatiug must bo guarded against ; if the watch or trial 
stiok which is inserted into them gets too hot for the hand to 
bear, the heat is too great, and will destroy tno spawn. In that 
case artificial spawn must bo used when the bod is mado up, but 
this expedient is to bo avoided on account of the expense. The 
easiest way for a cottager to save his own spawn would bo to 
do so when he destroys his old bed ; he will find all round the 
edgos or driest parts of the dung one mass of superior spawn j 
let him keep this carefully in a very dry place, and when he 
makes up his next bod it can then bo mixed with his summer 
droppings, and will insuro a continuance and excellent crop. 
These little collections of horse- droppings and road-sand, if kept 
dry in shed, hole, or corner, under covor, will in a short time 
generate plenty of spawn, and will bo ready to be spread on the 
surface of the bed in early autumn, say by the middle of Sep- 
tember or sooner. The droppings during the winter must bo 
put into a heap, and allowed to heat gently, say up to eighty or 
ninety degrees ; then thoy must bo turned over tvrico daily to 
let off the heat and steam ; if this is neglected the natural spawn 
of the droppings is destroyed. The cottagor should provide 
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himself with a few barrowfuls of strawy dung to form the 
foundation of bis bed, so that tho depth, when all is finished, be 
not less than a foot. Let the temperature be up to milk heat. 
He will then, when quite sure that the bed will not overheat, put 
on his summer droppings. By this time these will be one mass 
of natural spawn, having a grey mouldy and thready appear- 
ance, and a smell like that of mushrooms. Let all be pressed 
very hard ; then let mould, unsifted, be put on, to the thickness 
of four inches, and trodden down hard with tho feet and watered 
all over ; and the back of a spade may now be used to make it 
still harder, as well as to plaster the surface all over/ 7 * Mush- 
rooms are cultivated very extensively by Mr. Ingram, at Belvoir, 
without artificial spawn. There is a great riding-house there, iu 
which tho litter is ground down by the horses’ feet into very 
small shreds. These are placed in a heap and turned over once 
or twico during the season, when a largo quantity of excellent 
spawn is developed which, placed in asparagus beds or laid nnder 
thin turf, produces admirable mushrooms, in the latter caso as 
clean as in our best pastures.f 

Other spocies will sometimes bo soon growing on mushroom- 
beds besides the genuine mushroom, tho spawn in such cases 
being probably introduced with the materials employod. We 
have seen a pretty crispod variety of Ayaricus dealbatiw growing 
in profusion in such a place, and devoured it accordingly. Some- 
times the mushrooms will, when in an unhealthy condition, be 
subject to tho ravages of parasitic spocies of mould, or perhaps 
of IIypomyc68< Xylaria vapor aria has, in more than one instance, 
usurped tho place of mushrooms. Mr. Berkeley has received 
abundant specimens in the Sclerotioid state, which he succeeded 
in developing in sand under a bell glass. Of course undor such 
conditions there is much loss. The little fairy-ring champignon 
is an excellent and useful species, and it is a great pity that 
some effort should not be made to procure it by cultivation. In 

* Cathtil, “ Treatise on the Cultivation of the Mushroom,' 1 ’ p. 0. 

t Mr. Berkeley lately recommended, at one of the meetings of the Horticul- 
tural Society at South Kensington, that the railway arches should be utilized £01 
the cultivation of mushrooms. 


8 
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Italy a kind of Polyporus, unknown in this country, is obtained 
by watering the Fietra fungliaia , or fungus stone, a sort of tufa 
impregnated with mycelium. The Polygon, it is said, take seven 
days to come to perfection, and may be obtained from the foster 
mass, if properly moistened, six times a year. There are speci- 
mens which were fully developed in Mr. Leo’s nursery at Ken- 
sington many years since. Another fqngus is obtained from the 
pollard head of the black poplar. Dr. Badham says that it is 
usual to remove these heads at the atter end of autumn, as soon 
as the vintage is over, and their marriage with the vine is 
annulled ; hundreds of such heads are then cut and transported 
to different parts ; they are abundantly watorod during the first 
month, and in a short time produce that truly delicious fungus 
Agarieus caudicinus , which, during the autumn of the year, makes 
the greatest show in the Italian market-placos. Theso pollard 
blocks continue to bear for from twelve to fourteen years. 

Another fungus, which Dr. Badham himself reared ( Folyporus 
avellmus), is procured by singeing, over a handful of straw, a 
block of the cob-nut tree, which is then watered and put by. 
In about a month the fungi make their appearance, and are 
quite white, of from two to three inches in diameter, and ex- 
cellent to eat, while their profusion is somotimos so great as 
entirely to hido the wood from whonce they spring.* It has 
been said that Boletus edulis may bo propagated by watering 
the ground with a watery infusion of the plants, hut wo have no 
knowledge of this method having been pursued with success. 

The culture of truffles has been partially attempted, on the 
principle that, in some occult manner, certain trees produced 
truffles beneath thoir shade. It is true that truffles are found 
under trees of special kinds, for Mr. Broome remarks that some 
trees appear more favourable to the production of truffles than 
others. Oak and hornbeam are specially mentioned 5 but, be- 
sides these, chestnut, birch, box, and hazel are alluded to. Ho 
generally found Filer cestivum under beech-trees, but also under 
hazel, Fiber macrosponm under oaks, and Fiber Inmah under 

^ Badtaa, “ Ksouleat Funguses,” 1st ed. p. 43. 
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oaks and abole. The men who collect truffles for Covent Gar- 
den Market obtain them chiefly under beech, and in mixed 
plantations of fir and beech.* 

Some notion may be obtained of the extent to which the trade 
of truffles is carried in France, when we learn that in the market 
of Apt alone about 3,500 pounds of truffles are exposed for sale 
every woek during the height of the season, and the quantity 
sold during the winter reaches upwards of 60,000 pounds, whilst 
the Department of Yaucluso yields annually upwards of 60,000 
pounds. It maybe interesting here to state that the value of 
truffles is so great in Italy that precautions are taken against 
truffle poachers, much in the same way as against game poachers 
in England. They train their dogs so skilfully that, while they 
stand on the outside of the truffle grounds, the dogs go in and 
dig for the fungi. Though there are multitudes of species, 
they bring out those only which are of market value. Some 
dogs, however, are employed by botanists, which will hunt for 
any especial specios that may be shown to them. The great 
difficulty is to prevent thorn devouring tho truffles, of which 
they are very fond. The best dogs, indeed, are true retrievers. 

The Count de Borch and M. do Bomholz give tho chief ac- 
counts of the efforts that have been made towards tho cultivation 
of those fungi. They state that a compost is prepared of pure 
mould and vegetable soil mixed with dry leaves and sawdust, in 
which, when properly moistened, mature truffles are placed in 
wintor, either whole or in fragments, and that after the lapse of 
some time small truffles are found in the compost, f Tho most 
successful plan consists in sowing acorns over a considerable 
extent of land of a calcareous nature ; and when the young oaks 
have attained the age of ten or twelve years, truffles arc found 
in tho intervals botweon tho trees. This process was carried on 
in the neighbourhood of Loudun, where truffle-beds had formerly 
existed, but whore they had long ceased to be productive — a fact 
indicating tho aptitude of the soil for the purpose. In this case 

* Broome, “ On Truffle Culture/’ in “Joura. Hort. Soc.” i. p. 15 (1860), 

f No faith, however, is, in general, placed on these treatises, as they were 
merely conjectural 

S 2 
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no attempt was made to produce truffles by placing ripe speci- 
mens in tlie earth, but they sprang up themselves from spores 
probably contained in the soil. The young trees wero left 
rather wide apart, and were cut, for the first time, about the 
twelfth year after sowing, and afterwards at intervals of from 
seven to nine years. Truffles were thus obtained for a period 
of from twenty-five to thirty years, after which the plantations 
ceased to be productive, owing, it was said, to the ground being 
too much shaded by the branches of the young trees. It is the 
opinion of the Messrs. Tulasne that the regular cultivation of 
the truffle in gardens can never be so successful as this so-called 
indirect culture at Loudun, but they think that a satisfactory 
result might be obtained in suitable soils by planting fragments 
of mature truffles in wooded localities, taking care that tho other 
conditions of the spots selected should be analogous to those of 
the regular truffle-grounds, and they recommend a judicious 
thinning of the trees and clearing the surface from brushwood, 
etc., which prevents at once the beneficial effects of rain and of 
the direct sun’s rays. A truffle collector stated to Mr. Broome 
that whenever a plantation of beech, or beech and fir, is made on 
the chalk districts of Salisbury Plain, after the lapse of a fow 
years truffles are produced, and that these plantations continue 
productive for a period of from ten to fifteen years, after which 
they cease to be so. 

M. G-asparin reported to the jurors of tho Paris Exhibition of 
1855, concerning the operations of M. Roussoau, of Carpenlras, 
on the production of oak truffles in Prance. The acorns of over- 
green and of common oaks were sown about five yards apart. 
In the fourth year of the plantation three truffles wore found 5 at 
the date of the report the trees were nine years old, and over a 
yard in height. Sows were employed to search for tho traffics. 
Although these plantations consist both of tho evergreen and 
common oak, truffles cannot be gathered at the base of tho latter 
speeijes, it so happening that it arrives later at a state of pro** 
duction. The common oak, however, produces truffles like tho 
evergreen oak, this report states, for a groat number of tho 
natural truffle-grounds at Yaucluse are planted with common 
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oaks. It is remarked that the truffles produced from these 
are larger but loss regular than those of the evergreen oak, 
which are smaller, but nearly always spherical. The truffles are 
gathered at two periods of the year ; in May only white truffles 
arc to bo found, which never blacken and have no odour ; they 
are dried and sold for seasoning. Tho black truffles (Tuber 
melcmosporum) commence forming in June, enlarging towards 
tho frosty season ; then they become hard, and acquire all their 
perfume. They arc dug a month before and a month after 
Christmas. It is also asserted that truffles are produced about 
tho vino, or at any rate that tho association of tho vine is 
favourable to tho production of truffles, because trufflo-plots near 
vines are very productive. Tho observation of this decided 
M. Rousseau to plant a row of vines between the oaks. Tho 
result of this experiment altogether does not appear to have 
been by any means flattering, for at tho end of eight years only 
little more than fifteen pounds woro obtained from a hectare of 
land, which, if valued at 45 francs, would leave very little profit. 
M. Rousseau also callod attention to a meadow manured (sic) 
with parings of truffles, which was said to have given prodigious 
results. 

Tho cultivation of minute fungi for scientific purposos has 
boon incidentally alluded to and illustrated in foregoing chapters, 
and consequently will not roquiro such full and particular details 
here. Somewhat intermediately, wo might allude to tho species 
of Selarotium , which are usually compact, externally blackish, 
rounded or amorphous bodies, consisting of a cellular mass of 
tho nature of a concentrated mycelium. Placed in favourable 
conditions, these forms of Solcrotiim will develop the peculiar 
species of fungus belonging to them, but in certain cases the 
production is more rapid and easy than in others, In this 
country, Mr, F. Curroy has boon tho most successful in tho cul- 
tivation of ScUroUa* The method adoptod is to keep them in 
a moist, somewhat warm, but cquablo atmosphere, and with 
patience await tho results. The well-known ergot of rye, wheat, 
and otfaor grasses may be so cultivated, and Mr# Currey has 
developed tho ergot of the common rood by keeping the stem 
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immersed in -water. The final conditions are small clavate bodies 
of the order Spheeriacei, belonging to the genus Qlamceps . The 
Sclerotium of the Pleocharis has been found in this country, but 
we are not aware that the Claviceps developed from it has been 
met with or induced by cultivation. One method recommended 
for this sort of experiment is to fill a garden-pot half full of 
crocks, over which to place sphagnum broken up until the pot is 
nearly full, on this to place the Sclerotia , and cover with silver 
sand ; if the pot is kept standing in a pan of water in a warm 
room, it is stated that production will ensue. Ergot of tho 
grasses will not always develop under these conditions, but 
perseverance may ultimately ensure success. 

A species of Sclerotiwn on the gills of dead Agarics originates 
Agaricus tuberosus , another Agaricus cirrhatus * but this should 
be kept in situ when cultivated artificially, and induced to 
develop whilst still attached to the rotten Agarics. Peziza tube- 
rosa , in like manner, is developed from Sclerotia , usually found 
buried in the ground in company with the roots of Anemone 
nemorosa. At one time it was supposed that some relationship 
existed between the roots of tho anemone and the Sclerotia . 
From another Sclerotizm , found in the stems of bulrushes, Mr. 
Currey has developed a species of Peziza , which has boon named 
P. CwreyanaSf This Peziza has been found growing naturally 
from the Sclerotia imbedded in the tissue of common rushes. 
De Bary has recorded tho development of Peziza PucJceliana 
from a Sclerotium of which the conidia take tho form of a species 
of Polyactis. Peziza ciborioides is developed from a Sclerotium 
found amongst dead leaves ; and recently wo havo received from 
the United States an allied Peziza which originated from the 
Sclerotia found on the petals of Magnolia , and which has been 
aamed Peziza gracilipes, Cooke, from its very slender, thread- 
like stem. Other specios of Peziza are also known to be 
leveloped from similar bases, and those Fuokel has associated 

^ * Pr. Btdl has beon very successful in developing the Sclerotium Of Agaricus 
irrfapm. 

f Currey, “On Development of Sclerotium roseum” in “Joum. Idnu. Boc." 
oli.p. 148. 
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together tinder a proposed new genus with the name of Bolero - 
iinia. Two or three species of Typhula> in like manner, spring 
from forms of Bclerotium, long known as Bclerotium compla- 
natum and Bclerotium scutellatim. Other forms of Bclerotiwm 
are known, from one of which, found in a mushroom-bed, Mr. 
Currey developed Xylaria vaporaria , B., by placing it on damp 
sand covered with a bell glass.* Others, again, are only known 
in the sclerotioid state, such as the Bclerotium stipitatum found in 
the nests of white ants in South India.f From what is already 
known, however, we feel justified in the conclusion that the 
so-called species of Bclerotium are a sort of compact mycelium, 
from which, under favourable conditions, perfect fungi may be 
developed. Mr. Berkeley succeeded in raising from the minute 
Sclerotimt of onions, which looks like grains of coarse gun- 
powder, a species of Mucor . This was accomplished by placing 
a thin slice of the Sclerotium in a drop of water under a glass 
slide, surrounded by a pellicle of air, and luted to prevent 
evaporation and external influences 

As to the cultivation of moulds and Mucors , one great diffi- 
culty has to be encountered in the presence or introduction of 
foreign spores to the matrix employed for their development. 
Bearing this in mind, extensive cultivations may be made, but 
the conditions must influence the decision upon the results. 
Bice paste has been used with advantage for sowing the spores 
of moulds, afterwards keeping them cowered from external in- 
fluences. In cultivation on rice paste of rare species, the 
experimenter is often perplexed by the more rapid growth of 
the common species of Mucor and Penicillitm. Mr. Berkeley 
succeeded in developing up to a certain point the fungus of the 
Madura Foot, but though perfect sporangia were produced, the 
further development was masked by the outgrowth of other 
species. In like manner, orange juice, cut surfaces of fruits, 

# Currey, in “Linn. Trans.” xriv. pi. 25, figs. 17, 26. 

t Berkeley, “On Two Tuberiform Veg. Productions from Travancore,” xn 
“tt&na, Lbm. Soc*” rol. rriii. p. 91. 

$ Berkeley, “On a Peculiar Form of Mildew in Onions,” “Joum. Hort. Sec. 1 * 
voi. iii. p. 01, , 
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slices of potato tubers, etc., have been employed. Fresh horse- 
dung, placed under a bell glass and kept in a humid atmosphere, 
will soon be covered with Mucor , and in like manner the growth 
of common moulds upon decayed fruit may be watched ; but this 
can hardly be termed cultivation unless the spores of some indi- 
vidual species are sown. Different solutions have boon proposed 
for the growth of such conditions as the colls which induce fer- 
mentation, to which yeast plants belong. A fly attacked by 
jEvvpma muncce , if immersed in water, will devolop one of the 
Saprolegnics. 

The Uredines and other epiphyllous Coniomycctes will readily 
germinato by placing the leaf which bears them on damp sand, 
or keoping them in a humid atmosphere. Messrs. Tulasno and 
Do Bary havo, in their numerous memoirs, dotailod tho methods 
adopted by thorn for different species, both for germination of 
the psoudospores and for impregnating healthy foster plants. 
The germination of tho psoudospores of tho species of 2?odi- 
soma may easily bo induced, and secondary fruits obtained* The 
germination of the spores of Tillctia is more difficult to accom- 
plish, but this may be achieved. Mr. Berkoloy found no difficulty, 
and had tho stem impregnated as well as the german. On the 
other hand, tho psoudospores of Cysfopta, when sown in water 
on a slip of glass, will soon produce the curious little zoospores 
in the manner already described. 

Tho sporidia of the Dmmycctc*, and some of the SpJu£riacei, 
germinate readily in a drop of water on a slip of glass, although 
not procooding farther than tho protrusion of gorm-iubos. A 
form of slide has been devised for growing purposes, in which 
the large covering glass is hold in position, and one end of tho 
slip being kept immersed in a vessel of water, capillary attrac- 
tion keeps up tho supply for an indefinite period, so that there is 
no fear of a check from tho evaporation of tho fluid. Bvon when 
saccharine solutions are ornployod thin method may bo adopted. 

Tho special cultivation of tho JPcronosporei occupied tho atten- 
tion of Professor Do Bary for a long time, and his experiences 
are detailed in his memoir on that group,* but which are too 
* Bary, a Ana. to Sei. Nat.” 4th mm*, vri. xx* 
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long for quotation Here, except His observations on tHe develop- 
ment of the tHreads of Peronospora infestcms on tHe cut surface 
of tHe tubers of diseased potatoes. When a diseased potato is 
cut and sheltered from dessication, the surface of the slice covers 
itself with the mycelium and conidiiferous branches of Perono- 
spora , and it can easily be proved that these organs originate 
from the intercellulary tubes of the brown tissue. , THe mycelium 
that is developed upon these slices is ordinarily very vigorous ; 
it often constitutes a cottony mass of a thickness of many milli- 
metres, and it gives out conidiiferous branches, often partitioned, 
and larger and more branched than those observed on the leaves 
The appearance of these fertile branches ordinarily takes place 
at the end of from twenty-four to forty-eight hours ; sometimes, 
nevertheless, one must wait for many days. These phenomena 
are observed in all the diseased tubercles without exception, so 
long as they have not succumbed to putrefaction, which arrests 
the development of the parasite and kills it. 

Young plants of tho species liable to attack maybe inoculated 
with the conidia of tho species of Peronospora usually developed 
on that particular host, in the same manner that young cruci- 
ferous plants, watered with an infusion of the spores of Oystopiu 
oandidus , will soon exhibit evidence of attack from the white 
rust. 

It is to tho cultivation and closo investigation of the growth 
and motamorphoses of the minute fungi that we must look for 
tho most important additions which have yet to he made to our 
knowledgo of tho life- history of these most complex and interest- 
ing organisms. 
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GEOORAPITTCAL DISTRIBUTION 

Unfortunately no complete or satisfactory account can bo giver 
of the geographical distribution of fungi. The younger Fries, 41 
with all the facilities at his disposal which the lengthened 
experience and large collections of his father afforded, could only 
give a very imperfoct outline, and now wo can add very little 
to what ho has given. The cause of this difficulty lies in the 
fact that the Mycologic Flora of so largo a portion of tho world 
remains unexplored, not only in remote regions, but oven in 
civilized countries where tho Phanerogamic Flora is well known. 
Europe, England, Scotland, and Wales are as well explored as 
any other country, but Ireland is comparatively unknown, no 
complete collection having over been made, or any at least 
published. Scandinavia has also boon well examined, and the 
northern portions of France, with Belgium, some puHs of Ger- 
many and Austria, in Kussia tho neighbourhood of St. Peters- 
burg, and parts of Italy and Switzerland. Turkey in Europe, 
nearly all Kussia, Spain, and Portugal am almost unknown. As 
to North America, considerable advances have boon made since 
Schwoinitz by Messrs. Curtis and Kavenol, but thoir collections 
in Carolina cannot bo supposed to represent tho whole of the 
Unitod States; tho small collections made in Texas, Mexico, 
etc., only serve to show tho richness of tho country, not yet half 
exhausted. It is to !>e hoped that tho young race of botanists 
la the United States will apply themselves to the task of invest!* 

* Mr. & ft# Fries, in “Ann. des Sck Nat.” 1861, nr. p. 10. 
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gating the Mycologic Flora of tins rich and fertile region. In 
Central America very small and incomplete collections have as 
yet been made, and the same may be said of South America and 
Canada. Of the whole extent of the New World, only the 
Carolina States of North America can really be said to be satis- 
factorily known. Asia is still less known, the whole of our vast 
Indian Empire being represented by the collections made by 
I)r. Hooker in the Sikkim Himalayas, and a few isolated speci- 
mens from other parts. Ceylon has recently been removed from 
the category of the unknown by the publication of its Mycologic 
Flora.* All that is known of Java is supplied by the researches 
of Junghuhn; whilst all the rest is completely unknown, includ- 
ing China, Japan, Siam, the Malayan Peninsula, Burmah, and 
the whole of the countries in the north and west of India. A 
little is known of the Philippines, and the Indian Archipelago, 
but this knowledge is too fragmentary to be of much service. 
In Africa no part has been properly explored, with the exception 
of Algeria, although something is known of the Cape of Good 
Hope and Natal. The Australasian Islands are better repre- 
sented in the Floras published of those regions. Cuba and the 
West Indies generally are moderately well known from the 
collections of Mr. C. Wright, which have been recorded in the 
journal of the Linnman Society, and in the same journal Mr. 
Berkeley has described many Australian species, 

It will be seen from the above summary how unsatisfactory 
it must he to give anything like a general view of the geographi- 
cal distribution of ftmgi, or to estimate at all approximately 
the number of species on the globe. Any attempt, therefore,, 
must be made and accepted subject to the limitations we have 
expressed. 

The conditions which determine the distribution of fungi are 
not precisely those which determine the distribution of the 
higher plants* In the case of the parasitic species they may be 
said to follow the distribution of their foster-plants, as in the 
case of the rust, smut, and mildew of the cultivated cereals, 

* Berkeley and Broome, Enumeration of the Fungi of Ceylon,” in 'Mourn. 
Linn. Son.” xir. Hoe. 73, 74, 1878. 
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which hare followed those grains wherever they have been 
distributed, and the potato disease, which is said to have been 
known in tho native region of the potato plant before it mado 
its appearance in Europe* We might also allude to JP actinia, 
malvaoearum , Ca., which was first mado known as a South 
American species ; it then travelled to Australia, and at length 
to Europe, reaching England the next year after it was recorded 
on the Continent. In the same manner, so far as wo have tho 
moans of knowing, JPuccinia Ajpii , Ca., was known on the Con- 
tinent of Europe for some time before it was detected on the 
celery plants in this country. Experience seoms to warrant the 
conclusion that if a parasito affects a certain plant within 
a definite area, it will extend in timo beyond that area to 
other countries where tho foster-plant is found. This view 
accounts in some part for tho discovery of species in this country, 
year after year, which had not boon recorded before; some 
allowance being mado for tho fact that an increased number of 
observers and collectors may cause the search to bo more com- 
plete, yet it must be conceded that tho migration of Continental 
species must to some extent he going on, or how can it be 
accounted for that such large and attractive fungi as Sparasds 
crispa, Helvellas gigm, and MorckeUa crassipes had never been 
rocorded till roconily, or amongst parasitic species such as tho 
two species of JPuccinia above named ? In the same manner it 
is undoubtedly truo that species which at ono timo wore common 
gradually bocomo somewhat rare, and at longih nearly oxtiuct. 
Wo have observed this to apply to the larger spooies m well as 
to tho microscopic in definite localities. For instance, Crater - 
ellm cornucopioides some ton years ago appeared in ono wood, 
at a certain spot, by hundreds, whereas during tho past throe or 
four years wo have failed to find a single specimen. As many 
years since, and in two places, whoro tho goat’s-board was abun- 
dant, as it is now, wo found nearly half tho flowering heads 
infested with Uetilago receplaculormn, but for tho past two or 
three years, although wo have Bought it industriously, not a 
single specimen could bo found. It is certain that plants found 
by Dickson, Bolton, and Soworby, havo not been dotcctod since, 
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whilst it is not improbable that species common with ns may be 
very rare fifty years hence. In this manner it would really 
appear that fungi are much more liable than flowering plants to 
shift their localities, or increase and diminish in number. 

The fleshy fungi, Agaricini and JBoleti especially, are largely 
dependent upon the character of woods and forests. When the 
undergrowth of a wood is cleared away, as it often is every few 
years, it is easy to observe a considerable difference in the fungi. 
Species seem to change places, common ones amongst a dense 
undergrowth are rare or disappear with the copse wood, and 
others not observed before take their place. Some species, too, 
are peculiar to certain woods, such as beech woods and fir woods, 
and their distribution * will consequently depend very much 
on the presence or absence of such woods. Epiphytal species, 
such as Agaricm ulmarius , Agaricus mucidm , and a host of 
others, depend on circumstances which do not influence the 
distribution of flowering plants. It may be assumed that 
such spocies as flourish in pastures and open places are subject 
to fewer adverse conditions than those which affect woods and 
forests. 

Any one who has observed any locality with reference to its 
\ Mycologic Flora over a period of years will have been struck 
with the difference in number and variety caused by what may 
he termed a “favourable season,” that is, plenty of moisture in 
August with warm weather afterwards. Although we know but 
little of the conditions of germination in Agarics, it is but 
reasonable to suppose that a succession of dry seasons will con- 
siderably influence the flora of any locality. Heat and humidify, 
therefore, are intimately concerned in the mycologic vegetation 
of a country. Fries has noted in his essay the features to which 
*We have alluded. “ The fact,” he says, “ must not be lost sight 
of that somo species of fungi which have formerly been common 
in certain localities may become, within our lifetime, more and 
more scarce, and even altogether cease to grow there. The 
cause of this, doubtless, is the occurrence of some change in the 
physical constitution of a locality, such as that resulting from 
the destruction of a forest, or from the drainage, by ditches and 
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cuttings, of more or less extensive swamps, or from the cul- 
tivation of the soil — all of them circumstances which cans© the 
destruction of the primitive fungaceous vegetation and the pro- 
duction of a new one. If we compare the fungal flora of America 
with that of European countries, we observe that the former 
equals, in its richness and the variety of its forms, that of the 
phanerogamous flora; it is probable, however, that, in the 
lapse of more or fewer years, this richness will decrease, in 
consequence of the extension of cultivation — as is illustrated, 
indeed, in what has already taken placo in the more thickly 
peopled districts, as, for example, in the vicinity of Hew 
York.” 

Although heat and humidity influence all kinds of vegetation, 
yet heat seems to exert a less, and humidity a greater, influence 
on fungi than on other plants. It is chiefly during the cool 
moist autumnal weathor that the fleshy fungi flourish most 
vigorously in our own country, and we observe their number to 
increase with the humidity of the season. Bain falls copiously 
in the United States, and this is one of the most fruitful coun- 
tries known for the fleshy fungi. Hence it is a reasonable 
deduction that moisture is a condition favourable to the dovcloj)- 
ment of these plants. The Myxogastrcs , according to Dr. Henry 
Garter, are exceedingly abundant — in individuals, at least, if not 
in species — in Bombay, and this would load to the conclusion 
that the members of this group aro influenced as much by heat 
as humidity in their development, homo out by the more plen- 
tiful appearance of the species in this country in the wanner 
weather of summer. 

In the essay to which we have alluded, Dries only attempts 
the recognition of two zones in his estimate of the distribution 
of fungi, and these are the temperate and tropical. The frigid 
zone produces no peculiar types, and is poor in the number of 
species, whilst no essential distinction can he drawn between the 
tropical and sub-tropical with our present limited information. 
Even these two zones must not be accepted too rigidly, since 
tropical forms will in some instances, and under favourable con- 
ditions, extend for upwards into the temperate zone. 
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“In any region whatever,” writes Eries, “it is necessary, in 
the first instance, to draw a distinction between its open naked 
plains and its wooded tracts. In the level open country there is 
a more rapid evaporation of tho moisture by the conjoined action 
of tho sun and wind ; whence it happens that such a region is 
more bare of fungi than one that is mountainous or covered by 
woods. On the other hand, plains possess several species pecu- 
liar to thomselvcs ; as, for example, Agaricm pedicides, certain 
Trioliolomata , and, above all, the family Coprini , of which they 
may bo regardod as the special habitat. The species of this 
family augment in number, in any given country, in proportion 
to tho extent and degree of its cultivation ; for instance, they 
grow more luxuriantly in the province of Scania, in Sweden — 
a district further distinguished above all others by its cultivation 
and fertility. In well- wooded countries moisture is retained a 
much longer time, and, as a result, the production of fungi is 
incomparably greater; and it is here desirable to make a distinc- 
tion 1)0 tween the fungi growing in forests of resinous- wooded 
trees (Conferee) and thoso which inhabit woods of other trees, 
for these two descriptions of forests may bo rightly regarded, as 
to their fungacoous growths, as two different regions. Beneath 
the shade of Conferee, fungi are earlier in their appearance ; so 
much so, that it often happens they have attained their full de- 
velopment when their congeners in forests of non-resinons trees 
have scarcely commenced their growth. In woods of the latter 
sort, tho fallen leaves, collected in thick layers, act as an obstaclo 
to the soaking of moisture into tho earth, and thereby retard 
the vegetation of fungi ; on the other hand, such woods retain 
moisture longer* These conditions afford to several large and 
remarkable species the necessary time for development. The 
beech is characteristic of our own region, bat further north this 
tree gives place to the birch. Oomforoug woods are, moreover, 
divisible into two regions — that of the pines and that of the firs* 
The latter is richer in species than the former,, because, as is 
well known, fir-trees flourish in more fertile and moister soils. 
Whether, with respect to tho South of Europe, other sub- 
di visions into regions are required, we know not ; still less aro 
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we able to decide on the like question in reference to the coun- 
tries beyond Europe.” * 

In very cold countries the higher fungi are rare, whilst in 
tropical countries they are most common at elevations which 
secure a temperate climate. In Java, Junghuhn found them 
most prolific at an elevation of 3,000 to 5,000 feet; and in 
India, Dr. Hooker remarked that they were most abundant at 
an elevation of 7,000 to 8,000 feet above the sea level. 

For the higher fungi we must be indebted to the summai ; 
made by Fries, to which we have little to add. 

The genus Agaricus occupies the first place, and surpasses, in 
the number of species, all the other generic groups known. It 
appears, from our present knowledge, that tho A g arid havo their 
geographic centre in the temperate zone, and especially in tho 
colder portion of that zone. It is a curious circumstance that 
all the extra-European species of this genus Agaricus may be 
referred to various European subgenera. 

In tropical countries it appears that the Jgarici occupy only a 
secondary position in relation to other genera of fungi, such as 
JPolyporus , Lendies , etc. North America, on the othor hand, is 
richer in species of Agaricus than Europe; for whilst tho ma- 
jority of typical forms are common to both continents, America 
further possesses many species peculiar to itself. In tho tom- 
perate zone, so close is the analogy prevailing between the 
various countries in respect to tho Agaricini^ that from Sweden 
to Italy, and as well in England as North America, tho same 
species are to be found. Of 500 Agaricini mot with in St. 
Petersburg, there are only two or threo which have not boon 
discovered in Sweden; and again, of fifty species known in 
Greenland, there is not one that is not common in Sweden, Tho 
same remarks hold good in reference to tho Agaricini of Siberia, 
Katntschatka, the Ukraine, etc. The countrios bordering upon 
the Mediterranean possess, however, sevoral peculiar typos ; and 
Eastern and Western Europe prosent certain dissimilarities in 
thqir Agaric inhabitants. Several species, for example, of Armil- 

* Juries, “ On the Geographical Distribution of Fungi/' in '* Ann. and Mag. 

Hist.” ser. iii. vol. be. p, 279. 
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laria and Tricholoma, which hare been found in Russia, have 
been met with in Sweden only in Upland, that is, in the most 
custom province ; all the species which belong to the so-called 
ahiegno-rupeMres and pimto-montance regions of Sweden are 
wanting in England ; and it is only in Scotland that the species 
of northern mountainous and pine-bearing regions are met with — 
a circumstance explicable from the similarity in physical features 
between Sweden and the northern portions of Great Britain. 

The species of Coprimes appear to find suitable habitats in 
every quarter of the globe. 

The Cortinarice predominate in the north; they abound in 
Northern latitudes, especially on wooded hills ; but the plains offer 
also some peculiar species which flourish during the rainy days 
of August and September. In less cold countries they are more 
scarce or entirely absent. The species of the genus Hygrophorus 
would at first seem to have a similar geographical distribution 
to those of the last group ; but this is really not the case, for 
the same Jlygrophori aro to he found in nearly every country of 
Europe, and even the hottest countries (and those under the 
equator) aro not destitute of representatives of this wide-spread 
genus. 

The Lactam, which are so abundant in the forests of Europe 
and North America, appear to grow more and more scarce 
towards both the south and north. The same maybe stated 
in regard to Russula. 

The genus Marasmius is dispersed throughout the globe, and 
everywhere presents numerous species. In intoivtropical couiv 
fries they are still more abundant, and exhibit peculiarities in 
growth which probably might justify their collection into a 
distinct group. 

The genera Lcntinm and Lmzites are found in every region 
of the world; their principal centre, howover, is in hot countries, 
where they attain a splendid development. On the contrary, 
toward# the north they rapidly dccreaso in numl>er. 

The Roigpori constitute a group which, unlike that of the 
Agarics, especially belongs to hot countries. The JBoleti con- 
stitute the only exception to this rule, since they select the 

T 
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temperate and frigid zones for their special abode, and some of 
them at times find their way to the higher regions of the Alps. 
No one can describe the luxuriance of the torrid zone in JPohj- 
pori and Trametes, genera of Hymenomycetes , which flourish 
beneath the shade of the virgin forests, where perpetual moisture 
and heat promote their vegetation and give rise to an infinite 
variety of forms. But though the genus Polyporus , which rivals 
Agancus in the number of its species, inhabits, in preference, 
warm climates at large, it nevertheless exhibits species peculiar 
to each country. This arises from the circumstance that the 
Polygon, for the most part, live upon trees, and are dependent 
on this or that particular tree for a suitable habitat ; and the 
tropical flora being prolific in trees of all kinds, a multitude of 
the most varied forms of these fungi is a necessary consequence* 
Kexagona , Favolus , and Lasckia are common in inter-tropical 
countries, but they are cither entirely absent or extremely rare 
in temperate climes. 

When the majority of the species of a genus are of a fleshy 
consistence, it may generally be concluded that that genus 
belongs to a Northern region, even if it should have some repre- 
sentatives in lands which enjoy more sunshine. Thus the Ilydna 
are the principal ornaments of Northern forests, where they attain 
so luxuriant a growth and beauty that every other country must 
yield the palm to Sweden in respect to them. In an allied genus, 
that of Irpex, the texture assumes a coriaceous consistence, and 
we find its species to be more especially inhabitants of warm 
climates. 

Host of the genera of Auricularini are cosmopolitan, and the 
same is true of some species of Stereum , of Oortioium, etc., which 
are met with in countries of the most different geographical 
position. In tropical countries, these genera of fungi assume the 
most curious aud luxuriant forms. The single and not consider- 
able genus Oyphella appears to be protty uniformly distributed 
pver the globe. The Glavaricd are equally universal iu their 
diffusion, although more plentiful in the north; however, the 
genus Pterula possesses several exotic forms, though in Europe 
it has but two representative species. That beautiful genus of 
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JECymenomycetes, Sparassis, occupies a similar place next the 
Clavarim , and is peculiarly a production of the temperate zone 
and of the coniforous region. 

The fungi which constitute the family of Tremellini prevail in 
Europe, Asia, and North America, and exhibit no marked differ- 
ences amongst themselves, notwithstanding the distances of the 
several countries apart. It must, however, bo stated that the 
JlirneolcD for the most part inhabit the tropics. 

We come now to tho Gasterotnycetes — an interesting family, 
which exhibits several ramifications or particular series of de- 
velopments. Tho most perfect G aster oniycctes almost exclusively 
belong to tho warmer division of the temperate, and to the 
tropical zone, where their vegetation is tho most luxuriant. Of 
late the catalogue of those fungi has been greatly enriched by 
the addition of numerous genera and spocios, proper to hot coun- 
tries, previously unknown. Not uncommonly, tho exotic floras 
differ from ours, not merely in respect of the spocies, but also of 
tho genera of Qastermnycetcs. It must, besides, be observed 
that this family is rich in well-defined gonora, though very poor 
in distinct specific forms. Among tho genera found in Europe, 
many are cosmopolitan. 

The flhdbidd present themselves in the torrid zone under 
the most varied form and colouring, and comprise many genera 
rich in secies. In Europe their number is very restricted. As 
wo advance northward they decrease rapidly, so that the central 
districts of Sweden possess only a single species, tho JBhaUuz 
impudlaus , and oven this solitary representative of the family is 
very scarce. In Scania, the most southern province of Sweden, 
there is likewise but one gonus and one species belonging to it, 
viz., the Mutinm caninm. Among other members of tho Phal- 
loidei , may be further mentioned the Lymrrn of China, the 
Anerde of Van Diemen’s Land, and the Olat?irus i one species of 
which, 0 [ mmdlatuB , has a very wide geographical range ; for 
instance, it m found in the south of Europe, in Germany, and in 
America ; it occurs also in tho south of England and the Isle of 
Wight ; whereas tho othor species of this genus have a very 
limited distribution. 

* 2 
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The Tuberacei* are remarkable amongst the fungi in being 
all of them more or less hypogeous. They are natives of warm 
countries, and are distributed into numerous genera and species. 
The Tuberacei constitute in Northern latitudes a group of fungi 
very poor in specific forms. The few species of the 1 Tymeno- 
gastres belonging to Sweden, with the exception of llypcrrhiza 
variegata and one example of the genus Octaviana , are confined 
to the southern provinces. The greater part of this group, like 
the Lycoperdacei , are met with in the temperate zone. Mosfc 
examples of the genus Lycoperdon are cosmopolitan. 

The Nidulariacei and the Trichodermacei appear to bo scat- 
tered over the globe in a uniform manner, although their species 
are not everywhere similar. Tho same statement applies to the 
Myxogastres, which are common in Lapland, and appear to have 
their central point of distribution in tho countries within the 
temperate zone. At tho same time, thoy are not wanting in 
tropical regions, notwithstanding that the intensity of heat, by 
drying up the mucilage which serves as the medium for tho 
development of thoir spores, is opposed to their dovolopmeut.t 
Of the Ooniomycetes , the parasitic species, as tho Cmmacel , tho 
JPucciniei , and the Usltlagines , accompany thoir foster-plants into 
almost all regions where they are found ; so that smut, rust, and 
mildew are as common on wheat and barloy in tho Himalayas 
and in New Zealand as in Europe and America. Bavenelia and 
Oronartiim only occur in tho warmer parts of tho temperate 
zono, whilst Sartvellia is confined to Surinam. Species of 
Bodmma and Bmtelia are as common in tho United States (is 
in Europo, and the latter appears also at tho Capo and Coylon. 
Wherever spocios of Spheeria occur thoro the Sphmronemei are 
found, but they do not appear, according to our present know- 
ledge, to bo so plentiful in tropical as in temperate countries. 
The Torulaod and its allies arc widely diffused, and probably 
occur to a considerable extent in tropical countries. 

JS typhomycete* are widely diffused; some species are peculiarly 

* The Eypogmi are evidently intendod here hy Fries, 

+ Fries, “On the Geographical Distribution of Fungi,” in “Ann. and Mag. 
jNat. Hist/' ser. 8, vx>L be. p. 285. 
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cosmopolitan, and all seem to be less influenced by climatic 
conditions than the more fleshy fungi. The Sepedoniei are 
represented by at least one species wherever Boletus is found. 
The Mucedines occur everywhere in temperate and tropical 
regions, Benicilliwm and Aspergillus flourishing as much in the 
latter as in the former. Botrytis and Beronospora are almost as 
widely diffused and as destructive in warmer as in temperate 
countries, and although from difficulty in preservation the moulds 
are seldom represented to any extent in collections, yet indica- 
tions of their presence constantly occur in connection with other 
forms, to such an extent as to warrant the conclusion that they 
are far from uncommon.* The Bematiei are probably equally as 
widely diffused. Species of Melminthosporium , Cladosporiim , 
and Macrosporimi seem to be as common in tropical as temper- 
ate climes. The distribution of these fungi is imperfectly known, 
except in Europe and North America, but their occurrence in 
Ceylon, Cuba, India, and Australasia indicated a cosmopolitan 
rango. Oladosporium herb arum would seem to occur everywhere. 
The Stilbacei and Isariacei are not less widely diffused, although 
as yet apparently limitod in species. Is aria occurs on insects 
in Brazil as in North America, and species of Stilbtm and Isaria 
are by no means rare in Ceylon. 

The Bhysomycetes have representatives in the tropics, species 
of Mucor occurring in Cuba, Brazil, and the southern states of 
North America, with the same and allied genera in Ceylon. 
Antennaria and Bisomycea soom to reach their highest develop- 
ment in hot countries. 

Tho Aseomycetes are represented everywhere, and although 
certain groups are more tropical than others, they are represented 
in all collections. Tho fleshy forms are most prolific in temper- 
ate countries, and only a few species of Beziza affect the tropics, 
yet in elevated districts of hot countries, such as the Himalayas 
of India, Beziza , Morchella , and Geoglossum are found. Two or 
three species of Morchella are found in Kashmir, and at least 
one or two in Java, where they are used as food. The genus 
Oyttaria is confined to the southern parts of South America 
and Tasmania. The United States equal if they do not exceed 
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European states in the number of species of the Dlscomycetes v 
The FJiacidiacei are not confined to temperate regions, but are 
more rare elsewhere. Cordierites and AcroscypJius (?) are tro- 
pical genera, the former extending upwards far into the tem- 
perate zone, as ILysterium and ffiiytisma descend into the tropics. 
Amongst the Splicer iaeei , Xylarici and Hypoxylon are well repre- 
sented in the tropics, such species as Xylaria hypoxylon and 
Xylaria corniformis being widely diffused. In Wosfc Africa an 
American species of Hypoxylon is amongst the very few speci- 
mens that have ever reached ns from the Congo, whilst 
II, concentrieum and Ustulina vulgaris seem to be almost cosmo- 
politan. Torrulia and Xectria extend into tho tropics, but are 
more plentiful in temperate and sub- tropical countries. Dotlddeca 
is well represented in the tropics, whilst of tho species of 
Sphceria proper, only tho more prominent have probably boon 
secured by collectors ; hence the Supcrjldales section is bettor 
represented than tho Obtectce, and tho tropical representatives 
of foliicolous species are but few. Asterina, Micro-peltw, and 
JPempUdium are more sub-tropical than temperate forms. Tho 
Terisporiacei are represented almost every whore; although 
species of Xrynphe are confined to temperate regions, the genus 
Mdiola occupios its place in warmer climes. Eiually, the 
Tuberacei , which aro subterranean in their habits, aro limited 
in distribution, being confined to the temporato zone, never 
extending far into the cold, and but poorly represented out of 
Europe. One species of Mglitta occurs in Australia, anothor 
in China, and another in the Neilghorrios of India ; tho genus 
Tawrocotylis is found in Now Zealand and Ceylon. It is said 
that a spocios of Tuber is found in Himalayan regions, but iu 
the United States, as well as in Northern Europe, the Tuberacei 
are rare. 

The imperfect condition of our information concerning very 
many countries, even of those partially explored, must render 
any estimate or comparison of the floras of those countries most 
fragmentary and imperfect. Recently, the mycology of our own 
islands has been more closely investigated, and the result of 
many years* application on the part of a few individuals has 
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appeared in a record of some 2,809 species,* * * § to which subsequent 
additions have been made, to an extent of probably not much 
less than 200 species, t which would bring the total to about 
3,000 species. The result is that no material difference exists 
between our flora and that of Northern Prance, Belgium, and 
Scandinavia, except that in the latter there are a larger number 
of Hymenomycetal forms. The latest estimates of the flora of 
Scandinavia are contained in the works of the illustrious Pries, J 
but these are not sufficiently recent, except so far as regards 
the Mymenomyoetea , for comparison of numbers with British 
species. 

The flora of Belgium has its most recent exponent in the post- 
humous work of Jean Kickx ; but the 1,370 species enumerated 
by him can hardly be supposed to represent the whole of the 
fungi of Belgium, for in such case it would be less than half the 
number found in the British Islands, although the majority of 
genera and species are the same.§ 

For tho North of Prance no one could have furnished a 
more complete list, especially of the microscopic forms, than 
M* Desmazi&res, but wo are left to rely solely upon his papers in 
u Annates des Sc. Nat.” and his published specimens, which, 
though by Ho means representative of the fleshy fungi, are doubt- 
less tolerably exhaustive of the minute specios. Prom what we 
know of Pronch Hymenomycetes, their number and variety 
appoar to be much below those of Great Britain. || 

Tho mycologic flora of Switzerland has been very well investi- 

* Cooke's “Handbook of British Fungi,’' 2 vols. 1871. 

f “ Grerillea,” vols. I. and ii. London, 1872-1874. 

$ Fries, “Summa Vegetabilinm Scandinavia” (1846), and “ Monographia 
Hymonomycetum Suecice” (1863) ; “Epicoisis Hymenomyoetotn Europ.” (1874). 

§ “ Flore oryptogamlque des Flanders” (1867). 

|| “ Ain6 Plantes Cryptogaroes-eeUulairos du Department de Saone et Loire” 
(1863) j Bulllard, “Hist, dos Champignons de la France ” (1791) ; De Candolle, 
“ Flore Franchise’' (1816); Duby, “ Botanioon GaUicum” (1828-1830); Paulet, 
“ Iconogr&phie des Champignons” (1865); Godron, “Catalogue des Plantes 
Collulaires du Department do la Meurthe ” (1846); Crouan, “Flomle du 
FhiiKtSro” (1867) ; De Seynoa, “ Essai d’une Flore Myoologique do la Region de 
Montpellier et du Card '* (1863), 
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gated, although requiring revision. Less attention having been 
given to the minute forms, and more to the Hymenomycetes than 
in France and Belgium, may in part account for the larger pro- 
portion of the latter in the Swiss flora.* * * § 

In Spain and Portugal scarce anything has been done ; the 
small collection made by Welwitsch can in no way be supposed 
to represent the Peninsula. 

The fungi of Italy f include some species peculiar to the 
Peninsula. The Tuber acei are well represented, and although 
the Hymenomycetes do not equal in number those of Britain or 
Scandinavia, a good proportion is maintained. 

Bavaria and Austria (including Hungary and the Tyrol) are 
being more thoroughly investigated than hitherto, but the works 
of Sch coffer, Tratinnick, Corda, and Krombholz have made us 
acquainted with the general features of their mycology, J to 
which more recent lists and catalogues have contributed. § The 
publication of dried specimens has of late years greatly facili- 
tated acquaintance with the fungi of different countries in 
Europe, and thoso issued by Baron Thiimen from Austria do not 
diffor materially from those of Northern Germany, although 
Dr. Rohm has made us acquainted with some now and inter- 
esting forms from Bavaria. || 

Russia is to a largo extent unknown, oxcopt in its northern 
borders.^ Karston has investigated the fungi of Finland,** and 


* Socretan, “ Mycographie Suisse" (1833); Trog, “ Vorzeiclmiss Hchwdze- 
risoher Hehwiimmo ” (1844). 

+ PasBOrini, “Funghi Parmonsi,” in “Giorn. Bot. Italiano” (1872-73); 
Venturi, “Micoti dell’ Agro Bresciano” (1845); Vivimri, “ Fangbi d’lfcalia” 
(1884); Vittadini, “Funghi Mangerecci d’ltulin” (1835). 

t Schaffer, “Fungorum qui in Bavaria,” &c. (1782-1774) ; Tmumnok, 
“Fungi AuHtriaci” (1804-1808 and 1800*30); Oorda, “ leones Fungorum" 
(Prague, 1837-1842); Krombholz, “ Abbildungon dor Schwilmme” 1881-1840). 

§ Eelch&rdt, “Flora von Iglau;” NiossI, “ Orypfcogamendora Niecler-GSHtor* 
relcha” (1857, 1850) ; Scbulzor, “Schwiimmo Ungarns, Slavoniens,” &o. 

H Eohm, “ ABcemycoten,” fasc. i.-iv. 

II Weinmann, “Hymeno-ot Gasteromycctes,” in “Imp. Boss” (1838); Worn* 
mano, “Bnmneratio Stirpiura, in Agro Petropolitano” (1837). 

** Karston, “ Fungi in insults Spotabergen collectio n (1872); Karston, “Mono* 
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added considerably to the number of Discomycetes , for which, 
the climate seems to be favourable ; but, as a whole, it may be 
concluded that Western and [Northern Europe are much better 
explored than the Eastern and South-Eastern, to which we might 
add the South, if Italy be excepted. 

We have only to add, for Europe, that different portions of 
the German empire have been well worked, from the period of 
Wallroth to the present.* Recently, the valley of the Rhine has 
been exhaustively examined by Fuckel ;t but both Germany and 
France suffered checks during the late war which made their 
mark on the records of science not so speedily to be effaced. 
Denmark, with its splendid Flora Danica still in progress, more 
than a century after its commencement, J has a mycologic flora 
very liko to that of Scandinavia, which is as well known. 

If we pass from Europe to North America, we find there a 
mycologic flora greatly resembling that of Europe, and although 
Canada and the extreme North is little known, some parts of 
the United States havo been investigated. Sehweinitz§ first 
made known to any extent the riches of this country, especially 
Carolina, and in this state the late Dr. Curtis and H. W. Ravenel 
continued their labours. With tho exception of Lea's collections 
in Cincinnati, Wright's in Texas, and some contributions from 
Ohio, Alabama, Massachusetts, and Now York, a great portion 
of this vast country is mycologically unknown. It is remarkably 
rich in fleshy fungi, not only in Ayaricini, but also in Discomy- 
cetes, containing a largo number of European forms, mostly 

graphia Pezlzarum fennicarum ” (1869); Karsten, “ Symbol# ad Mycologiam 
fonnicatn ” (1870). 

* Rahonhorst, “ Deutschlands Kryptogamen Flora ” (1844); Wallroth, “Flora 
Germanica" (1833) ; fiturm, “ Deutschland s Flora, iff diePilze” (1837, & c.), 

f Fuckel, “ Symbols mycologies ” (1809). 

t “Flora D&nioa” (1766-1873); Holmskjold, “Beata ruris otia Ftmgis 
Daniel# Imponsa” (1799); Schumacher, “Enumerate plantarum Sellandise” 
(1801). 

§ ftchweinitz, “Synopsis Bungoruin,’’ in “America Boreali,” &o. (1834). 
Lea, “Catalogue of Plants of Cincinnati ” (1849); Curtis, “ Catalogue of the 
Plants of North Carolina ” (1867); Berkeley, “North American Fungi,’’ in 
“Grevillca,” vols. i.*4ii. ; Took, in “Reports of New York Museum Nat. Hist” 
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European genera, with many species at present peculiar to itself. 
Tropical forms extend upwards into the Southern States. 

The islands of the West Indies' have been more or less ex- 
amined, but none so thoroughly as Cuba, at first by Ramon de la 
Sagra, and afterwards by Wright.* The three principal genera 
of JS 'ymenomycetes represented arc Ayaricus, Marasmius, and 
Polyporus, represented severally by 82, 51, and 120 species, 
amounting to more than half the entire numbor. Of the 490 
species, about 5? per cent, are peculiar to the island ; 18 per 
cent, are widely dispersed species; 12 per cent, are common to 
the island and Central America, together with the warmer parts 
of South America and Mexico ; 3 per cent, are common to it 
with the United States, especially the Southern ; while 13 per 
cent, are European species, including, howevor, 13 which may 
be considered as cosmopolitan. Some common tropical species 
do not occur, and, on the whole, the general character sooms 
sub-tropical rather than tropical. Many of the spocios are 
decidedly those of temperate regions, or at loast nearly allied. 
Perhaps the most interesting species are those which occur in 
the genera Orat&rellus and las chi a, the latter genus, especially, 
yielding several new forms. The fact that tho climate is, on the 
whole, more temperate than that of some other islands in tho 
same latitudes, would load us to expect the presence of a com- 
paratively largo number of European species, or those which 
are found in tho more northorn United Status, or British North 
America, and may account for tho fact that so small a propor- 
tion of species should bo identical with those from neighbouring 
islands. 

In Contra! America only a few small collections have boon 
made, which indicate a sub-tropical region. 

Prom the northern parts of South America, M. Lopriour 
collected in Frouch Guiana. t Southwards of this, Spruce col** 
looted in the countries bordering on the River Amazon, and 

* Berkeley and Curtis, “ Fungi CuhensV’ hi “Jrmm. Linn. 8«o.” (1SG8); 
Ramon do la Sagra, 14 Hist. Phys. do 1’IhIo de Cuba, Orypto'mmes, par Montague” 
(184t); Montagna, la 4< Arm, des Sci. Nat.” February, 1842. 

t Montague, u Cryptogamm Guyaaonsis,” Arm. Sri, Nat.” 4 m * utr. ill. 
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Gardner in Brazil,* GaucLichaud in Chili and Peru,t Gay in 
Chili, $ Blanchet in Bahia, § Weddell in Brazil, || and Auguste 
de Saint Hiliare IF in the same country. Small collections have 
also been made in the extreme south. All these collections 
contain coriaceous species of Folyporus^ Favolus, and allied 
genera, with Auricularini , together with such A.$comycetes as 
Xylaria , and such forms of Peziza as P. trioholoma , P. JEBnddi , 
and P. macrolis . As yet we cannot form an estimate of the 
extent or variety of the South American flora, which has fur- 
nished the interesting genus Cyttaria, , and may yet supply forms 
unrecognized elsewhere. 

The island of Juan Fernandez furnished to M. Bertero a good 
representative collection,** which is remarkable as containing 
more than one-half its number of European species, and the rest 
possessing rather the character of those of a temperate than a 
sub-tropical region. 

Australasia has been partly explored, and the results embodied 
in the Floras of Dr. Hooker and subsequent communications. 
In a noto to an enumeration of 235 species in 1872, the writer 
observes that “ many of them are either identical with European 
species, or so nearly allied that with dried specimens only, 
unaccompanied hy notes or drawings, it is impossible to separate 
thorn ; others are species which are almost universally found in 
tropical or sub-tropical countries, while a few only are peculiar 
to Australia, or are undescribod species, mostly of a tropical typo. 
The collections on the whole can scarcely be said to be of any 
groat interest, except so far as geographical distribution is con- 
cerned, as the aberrant forms aro few.” tt 

* Berkeley, in “ Hooker's Journal of Botany" for 1843, &c. 

f Montagne, in “Ann. des Soi. Nat." 2 me s4r. voL ii. p. 73 (1884). 

$ Gay, “ Hist, fisica y politiea de Chile" (1845). 

| Berkeley and Montagne, “ Ann. des Sci Nat" xL (April, 1849). 

K Montagne, in “Ann. des Sci. Nat." 4 ma s6r. v. No. 6. * 

Montagne, in “Ann. des Soi. Nat." (July, 1839). 

** Montague, “ Prodromus Florae Fernandesianse," in “ Ann. des Soi. Nat/* 
(June, 1835). 

ft Berkeley, “On Australian Fungi," in “ Joum* Linn. Society,” ariii. 
(May, 1873)* 
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The fungi collected by the Antarctic Expedition in Auckland 
and OampTbell’s Islands, and in Fuegia and the Falklands,* were 
few and of hut little interest, including such cosmopolitan 
forms as S ’phceria hebarum and Oladosporium herbarum , Hirneola 
awricula-jwdacd, JBolyporm versicolor , 1 Eurotium herbariorum , etc. 

In New Zealand a large proportion havo been found, and these 
may be taken to represent the general character of the fungi 
of the islands, which is of the typo usually found in temperato 
regions.f 

The fungi of Asia are so little known that no satisfactory 
conclusions can be drawn from our present incomplete know- 
ledge. In India, the collections made by Dr. Hooker in his 
progress to the Sikkim Himalayas^ a few species obtained by 
M. Perottot in Pondicherry, and small collections from the 
Neilgherries,§ are almost all that have boon recorded. From 
these it may be concluded that elevations such as approximate 
a temperate climate are the most productive, and hero European 
and North American genera, with cloRely allied species, havo 
the preponderance. The number of Agaricini , for instance, is 
large, and amongst the twenty-eight subgonora into which the 
gonus Agaricm is divided, eight only are unrepresented. Casual 
specimens received from other parts of India afford evidence 
that hero is a vast field unexplored, the forests and mountain 
slopes of which would doubtless afford an immense number of 
now and interesting forms. 

Of the Indian Archipelago, Java has boon most explored, both 
by Junghuhn|| and Zollinger The former rocords 117 species 
in 40 genera, Neos von Esonbeck and Blume 11 species in 
3 genera, and Zollinger and Moritzi 31 species in 20 genera, 
making a total of 159 species, of which 47 belong to JPolyporus, 

* Hooker’s “ Cryptogamia Antarctica,” pp, 57 and 341, 

f Hooker’s “New Zealand Flora.” 

% Berkeley, “ Sikkim Himalayan Fungi,” in Hooker’s “Journal of Botany” 
(1850), p. 42, &c, 

§ Montague, “Cryptogamse Neilgherrenais,” in ** Ann. des Sci. Nat ” 2** »4r. 
srmi p, 21 (1842). 

If Janghuiin, “ Premissa in Floram Crypt. Javee.” 

°fl Zollinger, “ Fungi Arohipalegi Malaijo Neerlandioi novi.” 
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L6veill6 added 87 species, making a total of 246 species The 
fungi of Sumatra, Borneo, and other islands are partly the same 
and partly allied, but of a similar tropical character. 

The fungi of the island of Ceylon, collected by Gardner, 
Thwaites, and Konig, were numerous. The Agarics comprise 
802 species, closely resembling those of our own country.* It 
is singular that every one of the subgenera of Fries is repre- 
sented, though the number of species in one or two is greatly 
predominant. Lepiota and Psalliota alone comprise one- third 
of the species, while Pholiota offers only a single obscure speoies. 
The enumeration recently published of the succeeding families 
contains many specios of interest. 

In Africa, the host explored country is Algeria, although 
unfortunately the flora was never complctcd.f The correspon- 
dence between the fungi of Algeria and European countries is 
very striking, and the impression is not removed by the presence 
of a few sub-tropical forms. It is probable that were the fungi 
of Bpain known the resemblance would be more complete. 

From the Capo of Good Hope andHatal collections have boon 
made by Zeyher,J Drt'go, and others, and from these we are 
enabled to form a tolerable estimate of tho mycologic flora. Of 
the Jfymenomyceteti, tho greater part belong to Ayaricus ; there 
arc but four or five Polypori in Zeyhor’s collection, ono of which 
is protean. Tho Gasteromycctes aro interesting, belonging to 
many genera, and presenting two, Scoleciocarpus and Phellorima, 
which wore founded upon specimens in this collection, Batarrea 
Tuhstoma , and Myccimtrum are represented by European species. 
Thorn aro also two species of Lycoperdon , and one of Podaccon , 
Besides those, there is tho curious Secotium Gueinzii. The genus 
(hunter does not appear in tho collection, nor Scleroderma . 
Altogether the Cape flora is a peculiar one, and can scarcely bo 
compared with any other. 

At the most, only scattered and isolated specimens have been 

# Ikrkekjr and Broome, u Fungi of Ceylon,*' in u Jonm. Linn. Soc.” for 
Hit* Wl, 

f ** Fkro d’Algerk, Oryptognmen” (1846, &c.). 

t Berkeley, in Hookers “Journal of Botany,” vol ii f (1843), p, 408. 
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recorded from Senegal, from Egypt, or from other parts of 
Africa, so that, with the above exceptions, the continent may 
be regarded as unknown. 

From this imperfect summary it will be seen that no general 
scheme of geographical distribution of fungi can as yet be 
attempted, and the most we can hope to do is to compare 
collection with collection, and what we know of one country 
with what we know of another, and note differences and agree- 
ments, so as to estimate the probable character of tho fnngi of 
other countries of which we are still in ignorance. It is well 
sometimes that we should attempt a task like the present, since 
we then learn how much there is to be known, and how much 
good work lies waiting to bo done by tho capable and willing 
hands that may hereafter undertake it. 
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COLLECTION ANT) PRESERVATION. 

The multitudinous forms winch fungi assume, tlie differences: 
of substance, and variability in size, render a somewhat detailed 
account of the modes adopted for their collection and preserva- 
tion necessary. The habitats of the various groups have already 
]>GGn indicated, so that there need ho no difficulty in selecting 
tho most suitable spots, and as to the period of the year, this will 
bo determined by the class of objects sought. Although it may 
bo said that no time, except when the ground is covered with 
snow, is entirely barren of fungi, yet there are periods more 
prolific than others.* Meshy fungi, such as the Rymenomycetes , 
are most common from September until tho frosts set in, whereas 
imitiy microscopic species may bo found in early spring, and 
increase in number until tho autumn. 

Tho collector may bo provided with an ordinary collecting 
box, but for tho Agarics an open shallow basket is preferable, A 
great number of tho woody kinds may be carried in the coat- 
pocket, and folncolons species placed between the leaves of a 
pocket-book, It is a good plan to bo provided with a quantity 
of soft bibulous paper, in which specimens can be wrapped when 
collected, and this will materially assist in their preservation 
when transferred to box or baskot. A large clasp-knife, a small 
pocket-saw, and a pocket-lens will comploto the outfit for ordinary 
occasions. In order to preserve tho fleshy fungi for tho her- 
barium, there is but one method, which has often boon described, 

* The Ckmnijyhf' oocum on jrnvnarhs under snow, as well an in that 
tumikhlM dm Madura fungus-foot. (*% Carter’s " Mycetoma.**) 
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The Agaric, or other similar fungus, is cut perpendicularly from 
the pileus downwards through the stem. A second cut in the 
same direction removes a thin slice, which represents a section of 
the fungus; this may be laid on blotting paper, or plant-drying 
paper, and put under slight pressure to dry. From one-half of 
the fungus the pileus is removed, and with a sharp knife the 
gills and fleshy portion of the pileus are cut away. In the same 
manner the inner flesh of the half stem is also cleared. When 
dried, the half of the pileus is placed in its natural position on 
the top of the half stem, and thus a portrait of the growing 
fungus is secured, whilst the section shows tho arrangement of 
the hymenium and the character of tho stem. The other half 
of the pileus may bo placed, gills downward, on a piece of black 
paper, and allowed to rest there during the night. In tho morn- 
ing tho spores will havo boon thrown down upon tho paper, 
which may bo placed with tho other portions. When dry, tho 
section, profile, and sporo paper may bo mounted together on a 
piece of stiff paper, and the name, locality, and date inscribed 
below, with any additional particulars. It is advisable hero to 
caution the collector never to omit writing down these particulars 
at on co when the preparations are made, and to place them 
together, between tho folds of tho drying paper, in order to 
prevent tho possibility of a mistako. Some small species may 
bo dried whole or only cut down the centre, but tho spores should 
nevor bo forgotten. When dried, either before or after mounting, 
the specimens should bo poisoned, in order to preserve them 
from tho attacks of insocts. Tho best medium for this purpose 
is carbolic acid, laid on with a small hog-hair brush. Whatever 
substance is used, it must not bo forgotten by tho manipulator 
that he is dealing with poison, and must exercise caution* If 
the specimens are afterwards found to bo insufficiently poisoned, 
or that minute insects are present in the herbarium, fresh 
poisoning will bo necessary. Borne think that benzine or spirits 
of camphor is sufficient, hut as cither is volatile, it is not to he 
trusted as a permanent preservative. Mr. English, of Upping, 
by an ingenious method of his own, preserves a groat number 
of the fleshy species in their natural position, and although 
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valueless for an herbarium, they are not only very ornamental, 
but useful, if space can be devoted to them. 

Leaf parasites, whether on living or dead leaves, may be dried 
in the usual way for drying plants, between folds of bibulous paper 
under pressure. It maybe sometimes necessary with dead leaves 
to throw them in water, in order that they may be flattened with- 
out breaking, and then dry them in the same ma nn er as green 
leaves. All species produced on a hard matrix, as wood, bark, 
etc., should have as much as possible of the matrix pared away, 
so that the specimens may lie flat in the herbarium. This is 
often facilitated in corticolous species by removing the bark and 
drying it under pressure. 

The dusty Gasteromycetes are troublesome, especially the 
minute species, and if mounted openly on paper are soon spoiled. 
A good plan is to provide small square or round cardboard 
boxes, of not more than a quarter of an inch in depth, and 
to glue the specimen to the bottom at once, allowing it to 
dry in that position before replacing the cover. The same 
method should bo adopted for many of the moulds, such as 
Folyactis, etc., which, under any circumstances, are difficult to 
preserve. 

In collecting moulds, we have found it an excellent plan to 
go out provided with small wooden boxes, corked at top and 
bottom, such as entomologists use, and some common pins. 
When a dolicato mould is collected on a decayed Agaric, or any 
other matrix, after clearing away with a penknife all unnecessary 
portions of the matrix, the specimen may be pinned down to the 
cork in one of these boxes. Another method, and one advisable 
also for the Myxogastres, is to carry two or three pill-boxes, in 
which, after being wrapped in tissue paper, the specimen may 
be placod. 

A groat difficulty is offcon experienced with microscopic fungi, 
such, for instance, as the Sphariacei, in the necessity, whenever 
a new examination is required, to soak the specimen for some 
hours, and then transfer the fruit to a slide, before it can be 
compared with any newly-found specimen that has to bo identi- 
fied. To avoid this, mounted specimens ready to : r tho microscope 

u 
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are an acquisition, and may be secured in the following manner. 
After the fungus has been soaked in water, where that is neces- 
sary, and the hymenium extracted on the point of a penknife, let 
it be transferred to the centre of a clean glass slide. A drop of 
glycerine is let fall upon this nucleus, then the covering glass 
placed over it. A slight pressure will flatten tho object and expel 
all tho superfluous glycerine around the edges of tho co vexing 
glass. A spring clip holds the cover in position, whilst a camel- 
hair pencil is used to remove the glycerine which may have been 
expelled. This done, the edges of the cover may be fixed to the 
slide by painting round with gum-dammar dissolved in benzole. 
In from twelve to twenty-four hours tho spring clip may be 
removed, and tho mount placed in tho cabinet. Glycerine is, 
perhaps, the best medium for mounting tho majority of these 
objects, and when dammar and benzole are used for fixing, there 
is no difficulty experienced, as is tho case with Canada balsam, 
if the superfluous glycerine is not wholly washed away. Speci- 
mens of fruccinia mounted in this way when fresh gathered, 
and before any shrivelling had taken place, are as plump and 
natural in our cabinet as thoy wero when collected six or soven 
years ago. 

Moulds are always troublesomo to preserve in a herbarium in 
a state sufficiently porfect for reference after a few years. We 
have found it an excellent method to provide some thin plates of 
mica, the thinner tho better, of a uniform size, say two hushes 
square, or oven less. Between two of these plates of mica 
enclose a fragment of tho mould, taking care not to move one 
plate over the other after the mould is placed* Fix the plates 
by a clip, whilst strips of paper are gummed or push'd over tho 
ed£os of the mica plates so as to hold thorn together* When 
dry, the clip may bo removed, and tho name written on tho 
paper. These mounts may be put each in a small envelope, and 
fastened down in the herbarium. Whenever an examination is 
required, the object, being already dry-mounted, may at (met? he 
placed tinder the microscope. In this manner the mode of 
attachment of the spores can be seen, hut if mounted in fluid 
they are at once detached; and if the moulds arc only preserved 
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in boxes, in the course of a short time nearly every spore will 
have fallen from its support. 

Two or three accessories to a good herbarium may be named. 
For fleshy fungi, especially Agarics, faithfully coloured drawings, 
side by side with the dried specimens, will compensate for loss 
or change of colour which most species undergo in the process 
of drying. For minute species, camera lucida drawings of the 
spores, together with their measurements, will add greatly to 
the practical value of a collection. In mounting specimens, 
whether on leaves, bark, or wood, it will be of advantage to have 
one specimen glued down to the paper so as to be seen at once, 
and a duplicate loose in a small envelope beside it, so that the 
latter may at any time be removed and examined under the 
microscope. 

In arranging specimens for the herbarium, a diversity of taste 
and opinion exists as to the best size for the herbarium paper. 
It is generally admitted that a small size is preferable to the 
largo one usually employed for phanerogamous plants. Probably 
the size of foolscap is the most convenient, each sheet being con* 
flned to a single species. In public herbaria, the advantage of 
a uniform size for all plants supersedes all other advantages, 
but in a private herbarium, consisting entirely of fungi, the 
smaller sizo is better. 

The microscopic examination of minute species is an absolute 
necessity to ensure accurate identification. Little special remark 
is called for here, since the methods adopted for other objects 
will bo available. Specimens which have become dry may be 
placed in water previous to examination, a process which will be 
found essential in such genera as Peziza, SpJi&ria, etc. For 
moulds, which must be examined as opaque objects, if all their 
beauties and peculiarities are to be made out, a half-inch 
objective is recommended, with the nozzle bevelled as much 
to a point as possible, so that no light be obstructed.* 

In examining the sporidia of minute Peziza and some others, 
the aid of some reagent will be found necessary. When the 

# Bubbles of air are often very tiresome in the examination of moulds. A 
liUlo alcohol will remove them, 
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sporidia are very delicate and hyaline, the septa cannot readily 
be seen if present ; to aid in the examination, a drop of tincture 
of iodine will be of considerable advantage. In many cases 
sporidia, which are very indistinct in glycerine, are much more 
distinct when the fluid is water. 

The following hints to travellers, as regards the collection of 
fungi, drawn up some years since by the Itov. M. J. Berkeley, 
have been widely circulated, and may bo usofully inserted here, 
though at the risk of repetition : — 

61 It is frequently complained that in collections of exotic plants, 
no tribo is so much neglected as that of fungi; this arises partly 
from the supposed difficulty of preserving good specimens, partly 
from their being less generally studied than other vegetable pro- 
ductions. As, however, in no department of botany, thovo is a 
greater probability of mooting with now forms, and the diffi- 
culties, though confessedly great in one or two genera, are far 
loss than is often imagined, the following hints are respectfully 
submitted to such collectors as may desire to neglect no part of 
the vegetable kingdom. 

a The greater proportion, especially of tropical fungi, are dried, 
simply by light pressure, with as much ease as phomogammiB 
plants ; indeod, a single change of the paper in which they are 
placed is generally sufficient, and many, if wrapped up in soil 
paper when gathered, and submitted to light pressure, require 
no further attention. Such as are of a tough leathery nature, 
if the paper be changed a few hours after the specimens have 
been laid in, preserve all their characters admirably ; and if in 
the course of a few weeks there is an opportunity of washing 
them with a solution of turpentine and corrosive sublimate, 
submitting them again to pressure for a few hours merely to 
prevent their shrinking, there will be no fear of thoir suffering 
from the attacks of insects. 

“ Many of the mushroom tribe are so soft and watery that it 
is very difficult to make good specimens without a degree of 
labour which is quite out of the question with travellers. By 
changing, however, the papers in which they are dried two or 
three times the first day, if practicable, usoful specimens may be 
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prepared, especially if a few notes be made as to colour, etc. 
The more important notes are as to the colour of the stem 
and pilous, together with any peculiarities of the surface, e,g ., 
whether it be dry, viscid, downy, scaly, etc., and whether the 
flesh of the pileus bo thin or otherwise ; as to the stem, whether 
hollow or solid ; as to the gills, whether they are attached to the 
atom or free ; and especially what is their colour and that of the 
spores. It is not in general expedient to preserve specimens in 
spirits, except others aro dried by pressure, or copious notes be 
made; except, indeed, in some fungi of a gelatinous nature, 
which can scarcely bo dried at all by pressure. 

“The large woody fungi, the puff-balls, and a great number 
of those which grow on wood, etc., are best preserved, after 
ascertaining that they aro dry and free from larvae, by simply 
wrapping them in paper or placing them in chip-boxes, taking 
caro that they aro so closely packed as not to rub. As in other 
tribes of plants, it is very requisite to have specimens in different 
stages of growth, and notes as to precise habitats are always 
interesting. 

“ The attention of the traveller can scarcely be directed to any 
more interesting branch, or one more likely to produce novelty, 
than tho puff-ball tribe ; and ho is particularly requested to col- 
lect these in every stage of growth, especially in the earliest, 
and, if possible, to preserve some of tho younger specimens in 
spirits. One or two species aro produced on ant-hills, the know- 
ledge of tho early state of which is very desirable. 

** Tho fungi which grow on loaves in tropical climates are 
scarcely less abundant than in our own country, though belonging 
to a different type. Many of those must constantly come under 
the eye of the collector of phocnogams, and would be most 
acceptable to the mycologist. Bat the attention of the collector 
should also bo directed to the Hchen-Hke fungi, which are so 
abundant in some countries on fallen sticks. Hundreds of 
species of tho utmost interest would reward active research, and 
they are amongst the easiest to dry ; indeed, in tropical coun- 
tries, the greater proportion of the species are easy to preserve, 
but they will not striko the eye which is not on the watch for 
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them. The number of fleshy species is hut few, and far less 
likely to furnish novelty.’’ 

In conclusion, wo may urge upon all those who havo followed 
us thus far to adopt this branch of botany as thoir speciality. 
Hithorto it has been very much neglected, and a wide field is 
open for investigation and research. Tho lifo-histoiy of the 
majority of spocies has still to bo read, and the prospects of new 
discoveries for tho industrious and persevering student are groat. 
All who have as yet devoted thomsclves with assiduity havo been 
in this manner rewarded. Tho objects are easily obtainable, and 
there is a constantly increasing infatuation in tho study. ’Wiere 
so much is unknown, not a few difficulties havo to bo encoum 
tered, and here the race is not to the swift so much ns to the 
untiiang. May our efforts to supply this introduction to tho 
study receive their most welcome reward in an accession to ill© 
number of the students and investigators of the nature, uses, 
and influences of ftmgi. 
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